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FOREWORD 


Dear Learner, 


We are very happy that you have joined NIOS and decided to become an Open and 
Distant Learner. 


NIOS has brought out its revised Senior Secondary Course material. This course 
has been designed in a modular format in the sense that the content is divided 
into different modules. These modules are made up of a number of lessons. The 
modules are self contained and you can pick up any of the modules first that interests 
you. However, we would like you to proceed as the modules have been arranged 
because there are references and cross references to other lessons. 


One of the main features of this course is the division of the modules into core and 
optional modules. The core modules are compulsory for all learners, but you can 
choose any one of the two optional modules. For example, in Geography, you can 
pick up either Local Area Planning or Tourism Geography; in Business Studies, you 
can study either Wage Employment in Business or Self Employment in Business. 
Each subject offers two optional modules. The idea is to allow you to study what 
interests you more even in one particular subject. This is something unique to the 
NIOS courses of study. You will not find such choice elsewhere. 


This course is revised on the lines of the guidelines contained in the National 
Curriculum Framework 2005. We have tried to make the material as activity based 
_ as possible. We believe that you learn more when you do something with your own 
hands rather than just passive reading. We have made efforts to keep the language 
of the study material simple to facilitate you to understand the content easily. 


The examples that we have chosen and used in the course material are from daily 
life to enable you to relate easily what is new to what you already know. Through 
the Self Learning Materials, we are trying to help you to construct your own knowledge 
so that you learn by understanding and not just by memorising everything. 


Another important feature of this learning material is integration of Adolescence 
Education issues with the learning content. Realising that development of life 
skills like self awareness, critical thinking, negotiation and communication skills 


n important, we have used different opportunities to build desirable skills in the 
essons. 


The study materials developed by NIOS are self-learning materials. You are supposed 
to read and work on your own. Unlike a textbook, you do not need a teacher to tell 
you what to do. 


With our good wishes, start studying, do what you are told to do, attempt all activities, 
answer the intext questions, check your answers from the answers given, learn 
each topic well and be a successful self learner. 


Chairman, NIOS 


Dear Learner, 


The Academic Department at the National Institute of Open Schooling tries to bring | 
you new programmes in accordance with your needs and requirements. After making a 
comprehensive study, we found that our curriculum is more functional, related to life 
situations and simple. The task now was to make it more effective and useful for you. We 
invited leading educationists of the country and under their guidance, we have been able to 
revise and update the curriculum in the subject of Biology in the light of National Curriculum 
framework, 2005. 


At the same time, we have also removed old, outdated information and added new, relevant 
things and tried to make the learning material attractive and appealing for you. 


T hope you will find the new material interesting and exciting with lots of activities to do. 
Any suggestions for further improvement are welcome. 


Let me wish you all a happy and successful future. 


A Word With You 


Dear learner, 


Welcome to the course in Biology. As you know, Biology is the science of life. It is about living beings, 
their structure, their bodily functions and their interactions with nature. It is about heredity and 
environment. Biology today is also about biodiversity and biotechnology. 


Senior secondary is the stepping stone to go later into greater depths of a subject. It is the beginning 
of the bridge that gets built between the learner and the subject of his/her choice. The primary objective, 
in writing this course material, therefore, has been to give you a thorough introduction to the fascinating 
science of Biology. The curriculum for this course is given at the end of this book and shall give you 
an idea of what Biology is all about. : 


‘This course in Biology comprises both theory and practical. The theory part is in two sections. (1) the 
core modules which are compulsory and (2) one optional module to be selected for study out of the two 
given optional modules. Accordingly, the course has been divided in three books. 

Book-I has two modules covered in 17 lessons. The modules are (1) Origin and evolution of life and 
introduction of classification (2) Forms and functions of plants and animals. Book-2 includes three 
modules covered in 13 lessons. The modules are (1) Reproduction and heredity (2) Environment and health 
and (3) Emerging areas in Biology. Book-3 has optional module I of five lessons on Tools and Techniques 
in Biology and optional module II on Economie Biology comprising five lessons. 

‘This book (Book. 1) highlights how life began, the forces of evolution that led to the existence of the 
wide variety of organism and kow they are classified on the basis. of similarities and differences. The 
universality of the cell and its structure depict the unity of life, the tissues and organs system convey 
the idea of division of labour nature. You will learn ‘all this from lessons given here. The relationship 
between structure and function of plants and animals is also highlighted in this book, 

Apart from the course content, these three books also contain: 


(1.)In text questions in every lesson. These are to help you check, your progress as you continue to 
read the lesson. The answers to these questions are given at the end of the lesson. At the end 
of every lesson is the (2) summary of salient points is the lesson entitled “What you have learnt” 
This is to help you revise the lesson. Also given at the end of the lesson are (3) Terminal exercises. 
This ‘will help you assess your learniug as well as give you practice is writing answers. Also 
provided at the end of book. (4) Glossary for ready reference. (5) Questions for practice is given 
at the end of each book. Kindly complete it within the time Stated. (6) A sample question paper 
is given with Book-3 to prepare you for final examination. 

A part from these three books, you will get a manual for laboratory exercises included in the course 

for practical. You will carry out these exercises under the guidance and supervision of the Biology teacher 

of the centre where your name is registered for the personal contact programme. 

Hope you will have an interesting and joyful journey through this book,” 

Wishing you a success in your future. 


Cram 


Neelam Gupta 


Course Coordinator 


HOW TO USE THE 


Congratulation! You have accepted the challenge to be a self-learner. NIOS is with you at every step and has 
developed the material in Biology with the help of a team of experts, keeping you in mind. A format supporting 
independent learning has been followed. You can take the best out of this material if you follow the instructions 
given. The relevant icons used in the material will guide you. 


Title: will give a clear indication of the contents within. Do read it. 
Introduction: This will introduce you to the lesson and also link it to the previous one. 


Objectives: These are statements of outcomes of learning expected from you after studying the les- 
son. You are expected to achieve them, do read them and check if you have achieved. 


Content: Total content has been divided into sections. Section leads you from one content element to 
another. The text in bold, Italics or is important and must be given attention. 


Notes: Each page carries empty space in the side margins, for you to write important points or make 
notes. 


Activities: Certain activities have been suggested for better understanding of the concept. 


Intext Questions: Very short answer, self check questions are asked after every section, the answers to 
which are given at the end of the lesson. These will help you to check your progress. Do solve them. 
Successful completion will allow you to decide whether to proceed further or go back and learn again. 


45) What you have learnt : This is the summary of the main points of the lesson. It will help in recapitu- 
t; 4 lation and revision. You are welcome to add your own points to it also. 


Terminal Exercises: These are long and short questions that provide an opportunity to practice for a 
n clear understanding of the whole topic. 


Answers to intext questions: These will help you to know how correctly you have answered the intext 
questions. 


Audio: For understanding difficult or abstract concepts, audio programmes are available on certain 
content areas. You may listen to these on FM Gyanvani or may buy the CDs from Priced Publication 
Unit, NIOS. 


Video: Video programmes on certain content elements related to your subject have been made to 
clarify certain concepts. You may watch these at your study center or may purchase these CDs from 
Priced Publication Unit, NIOS. 


Glosary : For ready reference 


Question for practices : There are questions for practives given at the end of each book. Kindly 
complete it within the time stated. 


WWW.) These are few selected web sites that you can access for extended learning. 


1. Biology : wikipedia the free encyclopedia www.en. wikipedia.org 


2. Biology in the yahoo directory diryahoo.com/science/biology 
3. www.biolgy online.org 
4. Google directory : science > biology 


www.scitoys.com>biology 


An Introduction of Biology 


Science begins with curiosity about the world and a desire to understand it. Science is all 
about how things work and how they are made, thereby modifying ideas and developing 
Knowledge. Developments fave been based on accurate observations, carefully devised 
experiments and the collection of data and processing them mathematically. Thus; the 
common features in most scientific studies are as follows. 


e observing and measuring 


© hypothesising and predicting 


© designing and planning investigations 


© carrying out explorations 


© recording data 


© interpreting results and drawing con-clusions 


© communicating. 


Little more than or century ago people in our country would celebrate the sixtieth birthday 
(‘Shasthipoorte”) of a member of the family with much festivities. This is because, not many 
would cross the age of sixty during those times. People died of fatal diseases such as small 
pox, cholera, plague etc. The poor died of malnutrition. In the last century, medical science 
and technology on one hand and agriculture on the other have taken big leaps forward 
with enough food and prompt medical care, the population of our country has now 
surpassed, one billion. The increase in population poses gigantic environmental problems 
seem to be beyond the control of human. beings. 


However, progress in. biology has aided advancement of medical sciences and improved 
agricultural practice. Biologists are providing resource mechanisms through microbiology 
and biotechnology. No wonder biology is regarded as one of the most progressed disciplines 


among sciences, today. 


Biology is the science of life and the science of nature. Biology today has been integrated 
| with chemical arid physical sciences to make the information or Knowledge complete. No 
doubt it encompasses many disciplines as is shown in the following flow diagram. 


foundation of that indispensable instrument in the study of biology, the microscope. 


The disciplines of modern biology and their scope 


The major groupings of living things 

> Botany-plants 

> Zoology-animals 

> Mycology-fungi 

> Bacteriology-bacteria 

> Virology-viruses 

P> Microbiology-microorganisms, including their 
culture, economic importance, 
pathogenicity 

> Taxonomy-classification of living things 

according to their relationships etc. 


The structure and function of living things 


> Morphology-structure and form of organism 

> Anatomy-internal organisation of organisms 

> Histology-microscopic anatomy of tissues and the 
way they are arranged in organs 

> Cytology-cell structure and division, including 
cell ultrastructure, the fine structure of 
organelles 

> Physiology-processes and activities within organisms 

> Biochemistry-chemistry of living things, changes 

involved in metabolic processes 


The change and development of living things in time 
> Palaeontology-fossils of animals and plants 
imate Biological gy > Evolution-change of life with time 
science > Genetics-heredity and variation 
> Embryology-development from the fertilised egg 


Applied biology 


> Biotechnology-application of biology in productive industry 
> Medicine and Veterinary science-restoration and 

maintenance of health in humans and in animals 
> Agriculture-farming of crop and livestock for food 
> Forestry-trees 


Living theing and the environment 

> Ecology-inter-relationships between living things, and 
between living things and their environment 

> Biogeography-geographical distribution of living things 

P> Ethology-behaviour 


In the history of biology certain individuals started revolutions in ideas. Their work fas 
changed the ways we think, about our world. 


Foundations of biology can be traced to Aristotle (384-322 BC) because in his work, there 
is, for the first time, a large scale record of biological studies. 


Leeuwenhoek, (1632-1723) with the help of a single fens with a moveable stage, made 
important observation of structures too small to be seen with naked eye. He thus laid the 


Charles Darwin (1809-1822) laid foundations for a revolution in biology. He is best 
remembered for his theory of natural selection. 


Landmark discovery of DNA double helix was made by early 1953 by Watson and Crick, 
and subsequently breaking of the genetic code revolutionised our Knowledge of the basic 
mechanism of life processes. They received nobel prize in 1962. 


Sanger (1957) presented first time the complete structure of protein molecule, insulin. 


Jacob and Monol (1961-65) proposed operon fiypothesis and discovered activities of 
regulatory genes. 


H.G. Khurana (1968) discovered base sequence of mRNA and received Nobel prize. In 1970 
he synthesized an artificial gene from DNA nucleotides. 


The classical disciplines of cytology, genetics, physiology, biochemistry, biophysics, 
microbiology fused into one common discipline called molecular biology. Breath taking 
development in the field of molecular biology demonstrated the ability to modify DNA and 
thereby organisms it controls. We have now reached a stage where progress in the science 
of biology has important effects on human life and its survival. 


Biology plays such a valuable part in general education that there is hardly any need to 
justify its study further. Biology may infact be directly useful to you in finding employment. 
Biologists are employed in laboratory work, industry, field work, agriculture, horticulture, 
forestry, healthcare, work with animals, marine and fresh water biology, information 
science, publishing, management, financial services and teaching or lecturing. 


Overview of the Learning Material 


Module 1 Diversity and Evolution of Life 


1. Origin and Evolution of Life and Introduction to 
Classification 


The Kingdoms Monera, Protoctista and Fungi 


Kingdoms Plantae and Animalia 


Cell Structure and Function 


Ub wn 


. Tissues and other Level of Organization 
Module 2 Forms and Functions of Plants and Animals 
6. Root system 


7. Shoot system 
8. Absorption, Transport and Water Loss in Plants 
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9. Nutrition in plants — Mineral Nutrition 

10. Nitrogen Metabolism 

11. Photosynthesis 

12. Respiration in Plants 

13. Nutrition and Digestion 

14. Respiration and Elimination of Nitrogenous Wastes 
15. Circulation of Body Fluids 


16. Coordination and Control — The Nervous and 
Endocrine Systems 


17. Homeostasis : The Steady State 


Module 3 Reproduction and Heredity 


18. Reproduction in Plants 


19. Growth and Development in Plants 


20. Reproduction and Population Control 


21. Principles of Genetics 
22. Molecular Inheritance and Gene Expression 


23. Genetics and Society 
Module 4 : Environment and Health 
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28. Some Common Human Diseases 
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29. Biotechnology 
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Module 6A Tools and Techniques in Biology 


31 Some Common Tools and Techniques used 
in Biology 


32 General Laboratory Equipments 


33 Some Common Preservatives, Stains and Reagents 


34. Providing Organisms for Laboratory Work 


35. Some Aids in Biology 


OPTIONAL MODULES 


Module 6B Economic Biology 

31 Agriculture, Forestry and Medicinal Plants 

32 Floriculture, Mushroom Culture and Hydroponics 
33 Animal Husbandry 
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MODULE-I 
DIVERSITY AND EVOLUTION OF LIFE 


Lesson 1 Origin and Evolution of Life and Introduction to Classification 


Lesson 2 The Kingdoms Monera, Protoctista and Fungi 
Lesson 3 Kingdoms Plantae and Animalia 


Lesson 4 Cell — Structure and Function 


Lesson 5 Tissues and other Levels of Organization 


MODULE - 1 
Diversity and Evolution 
of Life 


ORIGIN AND EVOLUTION OF LIFE AND 
INTRODUCTION TO CLASSIFICATION 


The planet earth came into existence between 4 and 5 billion years ago. Life evolved 
on planet earth about 3.5 billion years ago. Since then approximately 15 million 
different species of organisms have evolved. But only about two million have been 
identified so for. In this lesson we will learn how life first originated on earth and 
how such a vast variety of organisms, popularly known as biodiversity, evolved 
through variation and natural selection. 


The study of such a wide variety becomes convenient only when organisms are 
grouped according to similarities and differences among them, named, and their 
evolutionary relationships established. We will learn about the importance and 
method of classification of organisms in this lesson too. 


OBJECTIVES 


After completing this lesson, you will be able to : 
© describe various theories of origin of life; 
è explain what is organic evolution; 


© give morphological, paleontological, embryological and molecular evidences 
in favour of organic evolution; 


© state modern theory of evolution; 


© explain the sources of organic variations (gene and chromosomal mutations, 
recombination, géne flow and genetic drift); 


© explain natural selection with examples; 
è explain the role of isolation in evolution; 
© list the various isolating mechanisms; 


è explain speciation; 


BIOLOGY Bue 
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Diversity and Evolution 
of Life e define classification; 


@ justify the need for classification of organisms; 


e list the bases of classification; 


@ trace the changes in bases of classification from morphotaxonomy to systematics. 


1.1 ORIGIN OF LIFE 


The earth was formed about five billion years ago. At that time it was extremely hot. 
The existence of life in any form at that high temperature was not possible. So, two 
questions arise pertaining to life — 


Notes 


1. How did life originate on earth? 


2. How did primitive organisms evolve into new forms resulting in the evolution of a 
variety of organism on earth. 


Origin of life means the appearance of simplest primordial life from non-living 
matter. 


Evolution of life means the gradual formation of complex organisms from 
simpler ones. 


1.1.1 Chemosynthetic Theory of Origin of Life 

Several theories were put forth to explain origin of life. The widely accepted theory 
is the (Chemosynthetic theory of origin of life proposed by A.I. Oparin. Other ` 
theories such as the theory of Spontaneous Generation are of historical importance 
only. 


Chemosynthetic Theory 


Life might have first originated on earth through a series of combinations 
of chemical substances in the distant past and it all happened in water. 


The earth originated about 5 billion years ago. 


It was initially made up of hot gases and vapours of various chemicals. 
Gradually it cooled down and a solid crust was formed. 


The early atmosphere cOntained ammonia (NH3), water vapour (HO), hydrogen 
(H2), methane (CH4). At that time there was no free oxygen. This sort of . 


atmosphere (with methane, ammonia and hydrogen) is still found on J upiter and 
Saturn. (Fig. 1.1) 


@ Heavy rains fell on hot surface of earth, and over a very very long period the — 
water bodies appeared that still contained hot water. 
Methane and ammonia from the atmosphere dissolved in the water of the seas. 


In this water, chemical reactions occurred and gave rise to amino acids, 
nitrogenous base, sugars and fatty acids etc. which further reacted and combined 
to give large molecules of life such as proteins and nuclear acids. 


BIOLOGY 
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Amino acids 


HA 


Polysaccharides Fats . Proteins Nucleic acids 


Fig. 1.1 Primitive conditions on earth 
1.1.2 Probable stages in the origin of life 


First stage 
The sources of energy-ultraviolet rays or electric discharge (lightening) or heat or a 
combination of these caused reactions that produced complex organic compounds 
(including amino acids) from a mixture of ammonia (NH3), methane (CH4), water (H,0) 
and hydrogen (H3). (The amino acids are the building blocks of proteins which are the 
main components of protoplasm). 

Stanley Miller and Harold C. Urey in 1953 set up an experiment with an air- 
tight apparatus (Fig. 1.2) in which four gases (NH4, CHy, H, and H30) were 
inoculated through an electric discharge for one week. On analyzing the liquid, 
they found a variety of organic substances init, such as amino acids, urea, acetic 
acid, lactic acid, etc. (Fig. 1.2). 


Second Stage 
Simple organic molecules combined to form large molecules which included peptides 
(leading to the formation of proteins), sugars, starches and fat molecules. 


Third stage 

The large molecules of different kinds combined together to form multi-molecular heaps 
or complexes. Some simple fat molecules arranged themselves around this molecular 
complex in a sort of membrane. It was observed in the laboratory experiments that when 
such complexes reached a certain size they separated from the surrounding solution in 


BIOLOGY 


MODULE - 1 


Diversity and Evolution 
of Life 


Notes 
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of Life the form of what were termed “coacervate drops” of microscopic size moving in the 
liquid with a definite boundary (coacervate means “heap” referring to the combining 
together of the molecules). 


Coacervate like aggregates were probably the precursors of the first living 
cells. 


Notes 


Electrodes 


To vacuum line : Spark discharge 


<— H0 
i Condensor 
Be 


Boiling water 


Fig.1.2 The apparatus used by Stanley Miller and Harold C. Urey to demonstrate the 
synthesis of amino acids under conditions that existed on the primitive earth 
Now, some sort of “metabolism” could occur within these coacervates with synthesis 
of certain substances and breakdown of others. The latter (i.e. break down reactions) 
could provide energy. 
Some of the earliest formed proteins might have acted like enzymes and would have 
affected the rate of reactions. It is also believed that RNA molecules might have 


shown enzymatic activity in the “primordial soup” of chemical compounds. Such 
molecules have been termed ribozymes. 


Fourth stage 


Some sort of nucleoproteins or nucleic acids may have evolved by random 
combinations which have provided two more properties to coacervate like bodies. 
This include : 

(i) chemical reactions from the nucleic acids, and 


(ii) the capacity to reproduce through duplication of the nucleic acids 
(Fig. 1.3). 

Thus, cells were produced that could be called the simplest primordial life. Figure 

1.3 depicts the probable stages of origin and evolution of living beings. 


The primitive “drop” like forms of life were all heterotrophs (unable to manufacture 
their own food but derived it from environment). 


— As one of the innumerable changes in genetic make up of the primitive 


heterotrophs led to the formation of chlorophyll (green colouring matter of the 
leaves) molecules. 


ore 
N 


MODULE - 1 
Diversity and Evolution 
— The chlorophyll bearing units of life for the first time started using the solar energy of Life 

for production of food as well as for the first time started liberating free oxygen into 
the atmosphere. 


Origin and Evolution of Life and Introduction to C 


Early atmosphere of earth had no free oxygen, the forms until then could at 
best be only “anaerobic”. Chlorophyll bearing organisms later released free Notes 
oxygen which gave greater possibilities for life to evolve. 
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Fig. 1.3 Steps of the events which led to the origin of life 


Thus, the simplest form of life originated through four main stages. Thereafter, wide 
variety of organisms came into existence through biological evolution. \ 


Qoa 


1. Approximately how many years ago was the earth formed? 
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and Evolution of Life and Introduction to Classification 4 


Name one source of energy which was used for chemical combination in primitive 
atmosphere. 


7. Inthe origin of life, first large molecules were formed from inorganic compounds. 
Name any two such large molecules. 


1.2 ORGANIC EVOLUTION 
1.2.1 What is Evolution ? 


The formation of complex organisms through ‘change’ from simple ancestral types 
over the course of geological time. 


According to the Theory of Organic Evolution 


© The various present day organisms were not created in the same form in which 


they exist today, but have gradually evolved from much simple ancestral forms 
of a common ancestor, 


@ The characteristics of organism had been changing in the past; they are changing 
even today, and will continue to do so in the future as well. This is due to the 
fact that the environment in which organisms live also changes and organisms 
need to be adapted to survive in the changed environment. 


© Many living organisms of the past have become extinct. 


@ The origin of the various forms (species) found on earth has been a gradual 
and extremely slow process, requiring hundreds or even thousands of years. 


This process of slow and gradual change is called organic evolution. 


Thus, the theory of organic evolution states that “All living things on earth 


are here as a result of descent, with modifications from a common 
ancestor”. 
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1.2.2 Evidences of organic evolution of Life 


Origin and Evolution of Life and Introduction to Classil 
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The evidences supporting organic evolution are derived from a number of fields of 
Biology. Those discussed here are - 


1. Morphological evidences 2. Embryological evidences 
3. Paleontological evidences 4, Molecular evidences Notes 


1. Evidences from Morphology 


Though organisms of different species and groups are quite different from each other 
still they retain certain common features. Morphological evidences for evolution are © 
derived from - 


(i) Homologous and analogous organs (Fig. 1.4 and Fig. 1.5) 
(ii) Vestigial organs 
(ii) Connecting links 
The comparative study of various organs in different groups of vertebrates exhibit 


common features which shows that they evolved from a common ancestor. Take 
for example that of the heart of the vertebrates (Fig. 1.4). 


Rt. auricle — 
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(a) Pisces (b) Amphibians (c) Reptiles (d) Mammals 


Fig. 1.4 Comparative study of heart of different groups of vertebrates 


(ii) Homologous Organs 

Homologous organs are the organs which are similar in structure and origin but 

may look very different and perform different functions. 

— Fore limbs of vertebrates are a good example of homologous organs. They are 
built on the same- fundamental plan yet they appear differently and perform 
different function. (Fig. 1.5) 

— In each case the fore-limb consists of humerus, radius and ulna, carpals, 
metacarpals and phalanges. This basic similarity in the structure of the 
apparently different fore limb of different kinds of vertebrates is due to the fact 
that all these limbs have been evolved from a common type called the 
pentadactyl ‘five-fingered) limb. 
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Fig. 1.5 Homology and adaptation in bones of the fore-limbs 
of some vertebrates 


The homologous organs, therefore, prove that there has been evolution and not creation. 


Analogous organs 


The structure which are functionally similar but structurally different are called analogous 
organs. 


The wing of an insect, and that of a bird or bat or pterodactyl are examples of analogous 
organs (Fig. 1.6). The function of the wing is the same (for flying) but the insect wing 
has no structural resemblance with that of the vertebrates. 


Insect nol 
Pterodactyl Bat Bird 


(a) Wing of insect (b) Wing of bird 
Fig. 1.6 Analogy between wings of insects and of different vertebrates 
(iii) Vestigial Organs 


Vestigial organ is any small degenerate or imperfectly developed (non-functional) organ 
or part which may have been complete and functional in some ancestor. 


Wisdom tooth 


Body hair in male Appendix 


À Tail vertebrae 
Fig. 1.7 Some vestigial organs in human body 
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The only rational explanation for the presence of these non-functional organs is that they fof Life 

are inherited from ancestors in which they were functional. Fig. 1.7 shows some of the 
vestigial structures in human body. 
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(iv) Connecting Links 

The animals or plants which possess 
characters of two different groups of 
organisms are known as connecting links. 
The connecting links establish continuity 
in the series of organisms by proving that 
one group has evolved from the other. A 
good example is that of a fossil bird 
Archaeopteryx, which was a connecting 
link between reptiles and birds. This bird 
had a beak with teeth and a long tail (with 
bones) like the lizards. It had feathers on 
the wings and on the body like the birds. Fig. 1.8 An extinct bird - Archeopteryx 
(Fig. 1.8). 


Notes 


2. Evidences from Embryology 


Embryology is the study of development of an organism 


The aspects of embryology which support the doctrine of organic evolution are : 

e similar stages of early development (morula, blastula or gastrula) in all the 
animals; 

@ the embryos of all vertebrates are similar in shape and structure in their early 
stages. 

This resemblance is so close that it is difficult to tell them apart (Fig. 1.9). 

e All the vertebrates start their life from a single cell, the zygote. 

© All of them during their life history, pass through two-layered blastula and three 
layered gastrula stage and then through fish like stage with gill-slits. 

All the different aspects of embryology strongly support the fact that the different 

classes of vertebrates possess a common ancestry, and have differentiated from one 

another through the process of evolution. 


3. Evidences from Paleontology 


Paleontology is the study of fossils. Fossils are the remains or traces of 
animal and plant life of the past, found embedded in rock either as petrified 
hard parts or as moulds, casts or tracks. 


The fossils of the earliest era in the geological time scale were those of bacteria, 
then invertebrates and then successively of fishes, amphibians, reptiles and lastly 
of birds and mammals and among mammals primitive fossils of humans are the 
most recent. 
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Fig. 1.9 Series of vertebrate embryos in comparable stages of their development 
a-Fish, b-Chick, c-Man 
The fossils discovered provide the ancestral history of individual. Animals like horse, 
camel ete. are direct proofs of organic evolution. This can be very well illustrated by 
the past history of horse (Fig. 1.10). The number of toes decreased for greater speed, 
size gradually increased and teeth adapted to eat grass. 


Mery hippus 


Mesohippus 
BE Eohippus 


hy 


Fig. 1.10 Fossil record of bone of hind legs of horses from Eohippus to Equus showing 
decrease in the number of toes 
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4. Molecular Evidence of Evolution of Life 


e Allorganisms have cell as the basic unit of life. The cell is made of biomolecules 
common to all organisms. 


e Ribosomes, the cellular organelles are of universal occurrence in organisms. 


e DNA isthe hereditary material of all organisms. 
e ATPis the molecule which stores and releases energy for biological processes. 


e The same 22 amino acids form the constituents of proteins of almost all 
organisms. 


@ The genetic code is universal (exceptions are very few). 


@ The central dogma which deals with the transfer of genetic information in cells is the 
same. 


© The basic steps of transcription and translation for protein synthesis are similar in all 
organisms. 


@ The sequence of nucleotides such as that in the promoter gene (TATA box) is common 
to all organisms. 


However, organisms sharing same chemical characteristics show closer evolutionary 
relationships. For example (i) human blood proteins are most similar to those of 
the chimpanzee among all apes, or (ii) only plants and some algae have chlorophyll 
so they are more closely related. Such similarities in chemical constituents between 
organisms are termed molecular homology or biochemical homology and are used 
in recent times, to establish evolutionary relationships and form the basis of 
systematics. 
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of Life 1.2.3 Mechanism of Evolution 

Various theories about the mechanism of evolution have been proposed; some of them 
such as Lamarck’s theory of “Inheritance of acquired characters” and 
De Vries’ theory of ‘mutation’ are now of historical importance only. 


e and Introduction to Classification 


Darwin’s theory of Natural selection still holds ground but was modified with 
progress in genetics and developed into the Modern synthetic theory which is 
regarded as the most valid theory of evolution. 


Darwin’s Theory of Natural Selection 

An English Scientist, Charles Darwin (1809-1882) explained the mechanism of 
evolution through his theory of natural selection. He is still regarded as ‘the father 
of evolution’ because of two very significant contributions. He suggested (i) that 
all kind of organisms are related through ancestry and 
(ii) he suggested a mechanism for evolution and named it natural selection. 


According to Darwin, organisms produce more offspring than can survive because 
environmental resources are limited. During struggle for existence, organisms with 
advantageous variations are protected and allowed to reproduce while the 
disadvantageous variants are eliminated from nature. This is what was termed 
natural selection by Darwin. 


Creation of new species according to Darwin : As the environment changes, new 
adaptations get selected in nature and after many generations sufficient characteristics 
will have been changed so as to alter the species into a new one (origin of species). 


Darwin talked about variation but did not know about th sources of variation. With 
progress in genetics the sources of variation were discovered and Darwin’s original 
theory of Natural Selection modified. This new theory was termed Neo-Darwinism 
or modern synthetic theory. 


According to this theory : 
1. The unit of evolution is ‘population’ which has its own gene pool. Gene pool 
is the group of all different genes of a population. 


2. The heritable genetic changes appearing in the individuals of a population are 
the basis of evolution. 


3. The heritable changes or variations occur due to small mutations in the genes 
or in the chromosomes and their recombinations. 


4. Natural selection selects the variations which helps in adapting to the environment. 


5. Achange in the genetic constitution of a population selected by natural selection 
is responsible for evolution of a new species. 


6. More offspring with favourable genetic changes are born. This is called 
‘differential reproduction’. Reproductive isolation helps in keeping species 
distinct. 


RO a‘ O oo 


gin and Evolution of Life and Introduction to 


3. What are the two major contributions of Charles Darwin regarding evolution? 


1.2.4 Elemental Forces of Organic Evolution 
Evolution is caused by action of Natural Selection on variation. Reproductive isolation 
also has a role to play. 


Sources for organic variation 
Variation arises in an individual member of a population, and if favourable, spreads into 


the population through “differential reproduction” by the action of natural selection. | 


Variation may arise by 


1. Mutation, which is a sudden genetic change. Mutation may be change in a single 
gene (genic mutation or point mutation) or affect many genes (chromosomal mutation). 


N 


Genetic recombination, which occurs in sexually reproducing organisms at every 
reproduction. The chromosomes and thus genes of the parents mix at random during 
zygote formation. That is why offspring of same parents are different as they have 
different combinations of parental genes. Variation is also brought about when 
gametes are formed after meiosis. 


3. Gene flow is when there is chance for mixing of genes of closely related species 
through sexual reproduction. 


4. Genetic drift occurs in small populations when it breaks off from a large 


population only representative genes of the large population are present which 


undergo change and the small population may evolve as a result. 
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You have already learnt about natural selection in this lesson. It was how Darwin 
envisaged it. Natural selection in the modern synthetic theory is considered to be 
responsible for “differential reproduction of genes” which means that more of 
favourable genes get reproduced in a population. 


Many examples of natural selection in action are available now. Given below are 
three such examples. 


Example 1 : DDT resistant mosquitoes 

About 50 years back, the mosquito population had been checked with the help of 
DDT. Thereafter, it was found that mosquitoes could not be killed with DDT any 
longer. There appeared DDT-resistant mosquitoes. What had happened was that a 
gene mutation (variation) had conferred (given) on the mosquito, the ‘ability to 
resist the effect of DDT. While DDT killed other mosquitoes those with the gene 
mutation survived and slowly within a few generations replaced the DDT-sensitive 
mosquitoes. In other words, the DDT resistant mosquitoes ‘reproduced differentially’ 
by the action of natural selection. 


Example 2 : Metal tolerance in grasses 

Certain metal residues sometimes collect in the soil near some industries using 
heavy metals. Being poisonous they kill the grasses. However, resistant grasses are 
found to evolve after some time through the action of variation and natural 
selection. 


From the above example, can you explain the evolution of the heavy metal-tolerant 
grasses? 


Example 3 : Industrial melanism 

A commonly qudted example of natural selection in action is that of the peppered 
moth, Biston betularia. The moth with its light coloured wings dotted with spots 
blended well with the lichens growing on the houses and trees on which it rested. 
Once in a while if a mutated form of the moth which was black in colour, it was 
eaten up by birds as it was conspicuous because of its black wings. This was 
observed in the British Isels before the industrial revolution. After the industrial 
revolution, the genes for black wings proved favourable on the soot covered lichens 
growing on the walls of houses. Natural selection acted through the agency of the 
birds which now ate up the conspicuous light coloured winged peppered moth 
which were therefore, soon replaced by the black variety (Fig. 1.10). 


There are several such examples in which human activities have changed the 
environment and natural selection has been observed to play its role. But it is an ` 
established fact now that all of biodiversity over these millions of years have also 
evolved through the interaction of variation and natural selection. 
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Fig. 1.11 Light and dark forms of Biston betularia 


Role of Reproductive Isolation 

Once new species arise from the parental species due to the effect of variation and natural 
selection, reproductive barriers prevent the two species from exchanging genes through 
reproduction. 


Thus two related species cannot mate with each other and remain distinct. Isolation means 
separation and reproductive isolation simply means that the two species are prevented 
from successful reproduction and kept genetically distinct from each other. Reproductive 
isolation operates in the following ways: 


Ecological isolation : The two species are unable to mate as they live in 
geographically different areas. 


Seasonal isolation + Mating is prevented because the reproductive organs 
mature at different times. 


Ethological (Behavioural) : The songs in birds of two species or the colouration 

isolation of two fish are so different that female of one 
species is able to recognise the male of its own 
species only. 


Mechanical isolation : The male and female organs for mating differ and 
prevent their union. 


Physiological isolation : The sperms of one species are not able to survive in 
the female tract of another species. 


Zygote and developmental : If all the above mechanisms fail and a “hybrid 
i zygote” (zygote from mating of two different species) 
is formed, it dies after some time. If the hybrid zygote 

survives it dies during development. 
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of Life Hybrid sterility : Mule, the offspring of a female horse and male donkey 
is a good example. It leads a normal life but is sterile and 

cannot reproduce. 
F, breakdown : Inrare cases, all the above mechanisms fail and a hybrid 


(offspring of parents belonging to different species) is 
fertile, it can reproduce only for one generation. 


Speciation 
The evolution of new species is termed speciation. Speciation occurs in the following 
ways and is termed accordingly. 


Allopatric speciation takes place when a part of the population becomes geographically 
separated (geographical isolation) from the parental population. For example a group of 
birds lives at the base of the mountain, some members fly up and get geographically 
isolated. Variation and natural selection act differently on the two because the environment 
in which the two live is different. Gradually genetic changes render them to be 
reproductively isolated. 


Sympatric speciation 

Sometimes a genetic barrier (reproductive barrier) prevents reproduction between a 
section of a population of a species with other members. Such a section of population 
usually arises in plants because of polyploidy. Polyploidy is a mutation in which the normal 
diploid number of chromosomes become doubled or trebled (2n becomes 3n, 4n, 5n 
etc) in a section of the population of a species due to certain irregularities during cell 
division. The polyploid section of the population is then unable to interbreed (mate and 
reproduce) with the other and becomes a new species. 


Models of speciation 
There are two accepted models of speciation that have given rise to the biodiversity 


1. Phyletic Gradualism model 


Two species from common ancestor gradually become more and more structurally 
different acquiring adaptations unique to each (Fig. 1.11a). Darwin also believed 
that evolution is a slow and gradual process. 


2. Punctuated equilibrium 

A new species arises through major changes in the beginning and then remain 
constant for long periods before changing again. (Fig. 1.11b) This model was 
suggested by paleontologists (scientists who study fossils), Niles Eldredge and 
Stephen Jay Gould. 
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Fig. 1.11 Models of speciation (a) Phyletic gradualism, (b) Punctuated equilibrium 


1.3.1 Meaning of Classification: 
Classification mean identifying similarities and differences between different kinds 
of organism and then placing similar organisms in one group and different kinds 
of organisms in different groups. 

Taxonomy, may thus be defined as the science of classification of organisms into 
categories, maintaining certain rules. Early taxonomists classified organisms 
according to morphological features only. Once the concept of organic evolution 
was accepted, taxonomists began to draw evolutionary relationships between 
different kinds of organisms. This was termed systematics. Today taxonomy and 
systematics are treated as synonymous since for classification, both morphological 
and biochemical resemblances and even those of between molecules such as DNA 
and RNA are studied to establish evolutionary relationships. 


1.3.2 Taxonomic categories . 
While classifying an organism, it is assigned to categories which show its 
evolutionary relationship with other groups of organisms. Each level or category 
is termed taxon (plural-taxa). The lowermost category is species. Other categories 
are arranged above species So that there is a hierarchy of categories. The various 
taxonomic categories are given below : 
Species : Group of individuals of one kind which can interbreed to produce 

fertile offspring. 
Genus : Group of species resembling each other in several features indicating 

common ancestry. 


Family : Group of genera (singular-genus) resembling each other. e-g- Felis 
domestica (the cat) and Panthera tigris (the tiger). both belong to 
family Felidae. 

Order . Includes families showing similar characteristics. 
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of Life Class : Includes related orders. 
Phylum : Includes related classes. (See Fig. 1.12) 


The various phyla belong to their respective kingdoms. There are five kingdoms about 
which you will learn later. 


Notes 
Kingdom : Animalae 23 © Ey 
z Fo 
(Animals) pe. 2 
e Q 

Phylum +: Chordata D 
(Animals with (yp 
notochord/ E 
backbone) < 


Class : Mammalia 
(Animals that 
suckle their 
young ones.) 


Order : Primates 
(Mammals with 
larger brains and 
binocular vision) 


Family : Hominidae 
(Humans and 
human like ancestors) 


Genus  : Homo 
(Fossilmen and 
modern man) 


Species: H.sapiens 
(Modern man) 


Fig. 1.12 Classification of Human species 

1.3.3 Scientific naming of organisms 

Different plants and animals have different common names. A cat is called ‘billi’ 
in Hindi, ‘biral’ in Bengali, ‘punai’ in Tamil and manjar in Marathi. There are 
different words for cat in French or German. There arose the need to give organisms 
names which could be understood throughout the world, So, the scientific names 
were given to organisms. Scientific names of organisms are understood all over 
the world. 
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A simplified system of naming organisms called binomial nomenclature has been fof Life 


the standard for more than two centuries now. It was proposed by the Swedish q 


biologist, Carolus Linnaeus (1707-1778). Binomial nomenclature simply means 
two-name system of naming. The name of every kind of organism has two parts, 


that of the genus followed by that of species. The generic name is written with 
a capital letter and the specific name with a small letter. e.g. Homo sapiens is the 


Notes 


scientific name of modem man, Mangifera indica is the biological name of mango. 


Three main features of biological naming are as follows : 


1. A scientific name, by convention, is printed in italics or underlined when hand 


written. 


Scientific naming is according to a set of scientific rules of nomen-clature: 


3. Scientific names are mostly in Greek and Latin. They are understood all over 
the world and have made communication about organisms easier. 


1.3.3 Prokaryotes and Eukaryotes 


The organisms that are most primitive or the first to evolve on earth are the bacteria. 
They do not possess a nuclear membrane around their single chromosome. Absence 
of a well defined nucleus or in other words a primitive nucleus terms them 
prokaryotes (pro = primitive, karyon = nucleus). All bacteria are prokaryotes. 
As a constrast, organisms other than bacteria possessing a well defined nucleus 
are eukaryotes (eu = true; karyon = nucleus). There are other differences between 


them are given below in Table 1.1. 


Table 1.1 Differences between Prokaryotes and Eukaryotes 


Characteristics 


Prokaryotes 


1. Size 0.1-10 ym 


Circular DNA, no linear DNA, 
histones associated with DNA, 
nucleoid form, no nuclear 
membrane 


2. Genetic material 


3. Site of nuclear DNA in cytoplasm | 


material 


No membrane bound 
organelles 


4. Organelles 


5. Cell wall Always present, Contains 


peptidoglycan 


6. Respiration By mesosomes 


7. Reproduction Mostly asexual 
e.g. bacteria, cyanobacteria 


and blue green algae 


_ Animal 


Eukaryotes 


10-100 um (greater volume) 


Histones present on which 
DNA molecule wrapped, 
well defined chromosomes, 
nuclear membrane present 


DNA inside distinct nucleus 


Mitochondria, golgi body, 
lysosomes present in the cell 


None (animals) or made of 
cellulose/chitin (plants 

and fungi) 

By mitochondria 


Asexual and sexual 
e.g. Protoctista, fungi, plants 
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1.3.4 The Five Kingdoms of Organisms 
Till recently there were only two kingdoms for classification - Plantae and Animale 

Such a two kingdom classification had several drawbacks, e.g. bacteria and fungi were 
kept along with plants although they are very different. 

R.H. Whittaker in 1969 suggested the five kingdom classification which is based on 
3 criteria. 


(i) The presence or absence of a well-defined nucleus. 
(i) Unicellular or multicellular 
(iii) Mode of nutrition 


The five kingdoms are Monera, Protista, Fungi. Based on the three criteria mentioned _ 
above, Plantae and Animalae (Fig. 1.13) the five kingdom classification is explained as 
under. 


Table 1.2 The five kingdom classification of organisms 


Name of Nature of Whether Kind of 
nucleus unicells or nutrition 
multicells 


1. MONERA Prokaryotic Unicellular Diverse type of 
(Blue green algae nutrition 
and bacteria) 

2. PROTOCTISTA Eukaryotic Unicellular Diverse kind of 
(Algae and nutrition 
Protozoa) 

3. FUNGI Eukaryotic Multicellular Saprophytic 


(Moulds, etc.) (Feed on dead, 


decaying matter) 


4. PLANTAE 
(All green plants) 


Eukaryotic Multicellular Autotrophic 
(Synthesize food 


by photosynthesis) 


5. ANIMALAE 
(Animals) 


Eukaryotic Heterotrophic 
(Depend on others 


for food) 


Multicellular 


The five kingdoms are shown below in Fig. 1.13 


3. FUNGI - (Moulds) 


Ferns 


Algae 


age green 


1. MONERA 2. PROTOCTISTA 


Bacteria 


Mosses 
Seed plants 
Non-chordates 
5. ANIMALAE and 
Chordates 


Protozoa 


Fig. 1.13 The Five Kingdom of Life 
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INTEXT QUESTIONS 1.4 
1. Name the scientists who proposed : 


(a) Binomial nomenclatiire annaa e erna A NE ss “ae Noles ial 


(b) Five kingdom classification 


2. Which were the first organisms to appear on earth? 


3. Name the taxonomic category which comes before and after family. 


4. Name the categories above order level in a correct'sequence. 


5. Rewrite the following in correct form— 
(a) Mangifera Indica ————sesseensessesessesnecsesnssennenssanansensentennansnsecossoss 
(b) Homo Sapiens — essesasensensesessecsssoncssnsrnssnensceneenennenserssansanes 
(c) Felisleo  peevasprenervececerrnneresspuarennaresenarnnreereereesnenns 
6. Place the following in their respective kingdoms 
(a) Bacteria which curdle milk cssessesessssesteseestestensenenseecsseneneeneneenensens 
(b) COW aan aT auone haa sassnestgenecnsecneseepnesrscenenenresnnensenceneenseness 
(c)GraSS edeseerieitinieaininehedettettessenrsreesrere ter 
(d) Amoeba > > eeepnpnaennanraene a Ea eee 
(e) Bread mould = ecaresensasentersstsresssessisessenssseonensnenernenenn 


1.4 VIRUSES - AN INTRODUCTION T f 
© You have heard about diseases such as influenza, polio, mumps, rabies, small pox, f Asen. Be_ =. 
AIDS and dengue are caused by viruses. 
© They are non-living and made up of DNA surrounded by protein coat. They can 
replicate, But they cannot reproduce on their own. They reproduce when inside a 
living cell. Therefore viruses pose a special classification problem. 
© Logically, therefore, they cannot be placed in any of the five kingdoms because they 
are non-living and not organisms. 
Discovery of Viruses 
In 1892, Russian botanist Iwanowsky prepared an extract from tobacco plants 
suffering from tobacco mosaic disease. The extract was filtered to keep back 
bacteria in the residue. The filtrate was still infectious. Dutchman Beijerinck gave 
the term virus in 1898 (Virus - poison in Latin) to these infective particles. 
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Viruses are extremely small and can be seen only under electron microscope. 
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They are smaller than the smallest bacteria. 
Can pass through fiters which retain bacteria. 


. 
eee è 


Their size is indicated in nanometres (nm). Their size ranges from 10 nm to 300 nm 
in diameter. 


Notes 


Nanometre (nm) 


It is a unit of microscopic measurement, equal to 10° m. It was formerly 
called millimicron 


Outer envelope 


Fig. 1.14(a) Influenza virus Fig, 1.14(b) T. Bacteriophage 


1.4.1 Structure of virus 


Virus has a simple structure consisting of a core and a cover. The core particle is 
the genetic material, either DNA or RNA. The cover is a protein coat called capsid 


(Fig. 1.15). 
-Capsid 
DNA (protein sheath) 
Neck 
Tail 
Base plate 
Tail fibre 


Fig. 1.15 Structure of Virus 
Virus can reproduce only when inside living cells. 


A virus cannot reproduce by itself. For its reproduction it needs to enter the cell 
of some organism. From the host cell, it uses the raw material and enzymes and 
energy generating machinery of the host cell to produce its own DNA, A number 
of virus particles are thus formed inside the host cell. The host cell bursts to release 
the new virus particles. 
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Virus — living or non-living? 

Though viruses possess nucleic acids as genetic material like the living organisms 
but they cannot make copies of DNA for reproduction on their own. They can make 
copies of themselves to reproduce only inside a living cell. Therefore, viruses are 
regarded as non-living. Further, they are considered non-living because they are 


non-cellular, and they can be crystallised Notes 


1.4.2 Infective properties of virus 

Viruses are known to attack bacteria, plants or animals. Viruses which invade 
bacteria are called bacteriophages. 

Viruses are highly specific in their relationship with the host and tissue. For example 
— Polio virus attacks particular nerves; mumps virus attacks the particular pair of 
salivary glands (parotid glands) of humans. 

Viruses keep on ‘mutating’! 

Mutation mean’s change in genetic material. For example — Flu virus mutates and 
so every year flu is caused by a different virus and scientists find it difficult to find 
a cure for influenza or flu. 


1.4.3 Viruses and diseases 
Table 1.3 indicates the names of certain viruses, their hosts diseases and modes 
of their transmission 
Certain cancers are also known to be caused by viruses. These viruses have RNA 
as genetic material and are called retroviruses. 

Table 1.3 Certain viruses, their hosts, diseases caused by them and mode of 
transmission. 


Disease Mode of Tranmission 


Potato leaf 
roll 


Potato roll Potato Air borne contact 


virus 

Plants Tomato stunt Tomato Tomato Air borne, contact 
virus bushy stunt 
Tobacco Tobacco Mosaic Air borne, contact 


mosaic virus 


Herpes virus Herpes Air borne,, contact 


Pox virus Small Pox Air borne, contact 
Human HIV AIDS (i) Sexual contact 
(ii) Lactating mother 
to child 
(iii) Blood transfusion 
Dengue Humans Dengue Bite of infected 
Aedes mosquito 
Hep. titis B Humans Hepatitis Infected water 
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TIONS 1.5 


1. With reference to viruses fill in the blanks (1, 2 and 3) in the following 


table : 
Nore EA | Tobacco Tobacco Mosaic pes 
HE TET AIDS 
| Herpes | human Slupi | 


2. Give one feature because of which viruses are considered nonlivng. 


4. Complete the following : 
(2) Corea COUS ICONTAINS sasinan A E E E O 
(b) Coat of virus is made of 


The most accepted theory about origin of life is the chemosynthetic theory. 


Earth’s early environment was favourable for the formation of organic molecules 
from simple inorganic materials. 


@ Coaceryates are believed to have been membrane bound molecular aggregates 
capable of growth and budding. 

It is believed that life originated some 3.5 billion years ago on this earth. 
The environment and the forms of life of the past were quite different from those 
of today. i 

@ Evolution is the gradual unfolding of living forms from the earlier simpler forms 
into the complex ones. It was in operation in the past, it is operating at present 
and will continue do so in the future. 

e Chief evidences in favour of organic evolution come from comparative 
anatomy, embryology, palaeontology and molecular biology. 

@ Darwin’s theory of ‘Origin of Species’ by natural selection’, explains the 
process of evolution through useful variation and natural selection. 

@ Neo-Darwinism is the modern interpretation of Darwinism based on natural 
selection, mutation and reproductive isolation, This is also called the modern 
synthetic theory. 

© Sources of variation are mutation, recombination, geneflow and genetic drift. 


Natural selection acts upon variation through “differential reproduction” which 
means greater reproduction of favourable genes. 
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10. State the criteria on which the five kingdom classification is based. 
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Isolation helps in formation of new species and also in keeping species distinct. f of Life 


The reproductive isolating mechanisms are ecological isolation, seasonal, ethological, 
mechanical and physiological isolation, zygote inviability, hybrid sterility and F, 
breakdown. 


Evolution of new species is termed speciation. 


Speciation occurs through (a) geographical isolation, or (b) polyploidy. 
Gradualism and punctuated equilibrium are suggested modes of speciation. 


Classification is essential for studying organisms and communiating about them. 
Classification means grouping on the basis of similarities and differences. 


There are hierarchical taxonomic categories which reveal evoulutionary relationships 
of an organism. 


The scientific naming of organisms is according to the Linnaean system of binomial 
nomenclature. 


The five kingdoms of life is Monera, Protoctista, Fungi, Plantae and Animalae. 


Viruses are nucleoprotein particles have DNA or RNA moea present as core 
particles, surrounded by a protein coat. 


Viruses were discovered by Ivanowsky and named by Beijerinck. 

Viruses are very small and can be observed only through electron microscope. 
Viruses cannot reproduce except when inside living cells. 

Viruses share properties of living and nonliving. 

Viruses infect bacteria, plants and animals. 

Viruses attacking bacteria are called bacteriophages. 

Viruses cause several diseases like herpes, small pox, AIDS, dengue etc. 


- Explain the most valid theory about origin of life on earth. How did Miller and Urey 


verify the chemosynthesis theory of evolution? 
Differentiate between Darwinism and Neo-darwinism. 
Explain the synthetic theory of evolution. 
Substantiate the idea of evolution through molecular evidence. 
Classify the following animals : earthworm, roundworm, frog and human 
beings. 
Write the scientific names of 
(i) Mango (ii) Man Gii) Cat (iv) Tiger 
How does a virus increase in number? Show only by explanatory diagrams. 
Give a schematic diagram of the five Kingdom classification. 
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CT QUESTIONS 


5 billion years 2. A.I. Oparin 
NH}, CH4, CO, water vapour 
Lightening/geothermal energy/UV rays (any one) 
Water 

aggregates of (life-like) molecules 

amino acids, fatty acids, sugars (any two) 
Miller and Urey 


The process of slow and gradual change as a result of descent with 
modification, from a common ancestor. 


Archaeopteryx 

Fore-limb/arm 

Functionless organ of the body 

(i) Lungfish between fish and amphibia 

(ii) Egg laying mammals between reptiles and mammals. 

See sub-section on evidence of evolution from molecular biology 
Charles Darwin 

Neo-Darwinism/synthetic theory 


All organisms are related through ancestry he suggested natural selection 
as the probable mechanism for evolution. 


(i) Variation in population forms the basis of evolution 

(ii) Differential reproduction 

Reproduction of favourable genes is greater 

(a) Carolus Linnaeus 

(b) R.H. Whittaker 

Bacteria 

Genus 

Kingdom, phylum, class, order 

(i) Mangifera indica (ii) Homo sapiens (iii) Felis leo 
Kingdom, phylum, class, order, family, genus, species 

(i) Monera (ii) Animalae (iii) Plantae (iv) Protoctista (v) Fungi 
1. Tobacco mosaic virus, 2. humans, 3. Herpes. 

They can not reproduce on their own / they can be crystallised (any one) 
Nucleic acid/protein (any one) 

(a) DNA or RNA (b) Protein 
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THE KINGDOMS MONERA, 
PROTOCTISTA AND FUNGI 


The kingdoms Monera which includes all the bacteria and the protoctista which 
includes the protoza, the diatoms and some algae are in a way the lowest among 
the living world. All bacteria, majority of Protoctists and many fungi are microscopic 
and generally referred to as microorganisms. You will learn about the three 
kingdoms in this lesson. 


BJECTIVES | 


After completing this lesson, you will be able to : 


state the basis for classifying certain organisms as members of kingdoms 
Monera, Protoctista and Fungi; 


emphasize the fact that kingdom Monera is the only prokaryotic kingdom and 
also it is the most primitive; 


describe the generalized structure of a bacterium and cyanobacterium; 
describle economic importance of bacteria with examples; 


recognize the status of cyanobacteria and justify its inclusion in kingdom 
Monera; 


describe the characteristics of kingdom Protoctista (protista); 

describe the structure of amoeba, paramecium, euglena and plasmodium; 
describe the structure of diatoms; 

list the uses of protists to humans and mention the diseases causing protozoa; 
list the general characteristics of fungi with examples; 


describe the sturcutre and reproduciton of yeast, Rhizopus, mushroom penicillium 
and its utility by humans; 


explain what are mycorrhizae; 


describe the economic importance of fungi. 
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The Kingdoms Monera. Protoctista and Fungi 


e Includes the bacteria and cyanobacteria (commonly called blue-green algae). 


@ Since only bacteria are prokaryotic (lacking a true nucleus), that is without 
nuclear membrane), monera is the only prokaryotic kingdom. 


e Bacteria were the first organisms to evolve on planet earth after life originated 
around 3.5 billion years ago and were the only organisms on earth for almost 
the next two billion years. 


e All bacteria and cyanobacteria are single celled or unicellular (monere : single) 
@ Monerans are also the most numerous of all living organisms. 


2.1.1 Structure of,a bacterial cell 
The single celled bacterum has a cell wall made of compound peptido-glycan 


f covering the cell membrane; a single chromosome. The cell has ribosomes but no 


membrane bound organelles. Let us get to know some details of these parts 
(Fig. 2.1). 


Slime capsule present Cell wall 


in some bacteria Cell membrane 
Volutin phosphate 


compound granules 


DNA 
nuclear material Flagellum present 
no nuclear | in some bacteria 
membrane 


Fig. 2.1 Structure of a bacterium. 
Note the following parts of a bacterium in the figure (Fig. 2.1). Outer most covering 
is the cell wall. 
Cell wall 
All prokaryotes have a rigid cell wall, which protects and gives shape to the cell. 
The cell wall is made up of a chemical, peptidoglycan, unique to bacteria. 
Pili (Singular : pilus) 
Pili are short and thin thread like structures projecting out from the cell wall in 
some bacteria. 
Flagella 


Some bacteria move with the help of one or two flagella. Flagella are longer and 
thicker than pili. Their structure is different from flagella of eukaryotes. 


Plasma Meanbrane 


Plasma membrane, present below the cell wall, encloses the cytoplasm and other 
cell contents. It is made up of lipids and proteins, as in eukaryotes. 
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Genetic Material of Life 

One circular chromosome made of a double helical molecule of DNA is located 

in a region of the cytoplasm called nucleoid. Since the chromosome is not lodged 

within a true nucleus, bacteria are termed prokaryotes. Hence Monera is the 

prokaryotic kingdom. Apart from the chromosome many species of bacteria possess Notes — 


rings of DNA called plasmids, which replicate along with bacterial chromosome 
and bear genes for antibiotic resistance, sex factor etc. 


Cell Organelles 


Membrane bound organelles like endoplasmic reticulum, mitochondria, chloroplast, 
golgi complex are absent. Only ribosomes are present, which are different from 
those of eukaryotes (see lesson | and 4). 


Prokaryotes have no nuclear membrane around genetic material and no cell 
organelles. They have only the ribosomes. 


2.1.2 Monera - General body functions 
A. Nutrition 


The four nutritional categories found in bacteria are : 


(i) 
(ii) 
(iii) 


(iv) 


Autotrophs - 
Saprotrophs - 


Symbionts - 


Parasites - 


B. Respiration 


synthesize their own organic food. 
feed on dead and decaying matter. 


use food from other living organisms with which they 
are associated for mutual benefit. 


absorb food from living organisms and cause harm to 
them 


Respiration in bacteria may be either 


(i) aerobic i.e. using oxygen for respiration or 


(ii) anaerobic i.e. respiration in the absence of oxygen. 


Cellular respiration or breakdown of food to release energy occurs in mesosomies 
which are the inner extensions of the cell membrane. 


C. Reproduction 


(i) Asexual Reproduction 


Bacteria reproduce asexually by binary fission (Fig. 2.2) udder fayoürable 
conditions it takes about 20 minutes for one bacteria to divide into two 


by binary fission. 
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Ring of DNA A of ring of DNA 
cytoplasm 


Plasma membrane 


Cell continues DNA fully replicated 


to grow in size 


Cell fully grown ġ 


Cell divides into two 


Fig. 2.2 Binary Fission in Bacteria 


(ii) Sexual Reproduction 


Some bacteria show a primitive mode of sexual reproduction. It is 
different from sexual reproduction in higher form. The steps are: 


(a) Two conjugating (lie very close for exchange of genes) bacteria are 
held together by pili. 


(b) A segment of DNA strand is transferred from one bacterium to 
another bacterium. (Fig 2.3) 


Some genetic meterial (a copy of the 
-DNA ring), move from one cell to the 
other and fuses with existing DNA ring 
Two bacteria 
come together 


Copy of part Bacteria then 
te 


“of DNA ring separate and 
passes to cell division 
other cell Nagel’ 


Fig. 2.3 Conjugation in Bacteria 
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2.1.3 Beneficial and harmful bacteria 
They harm us by causing many diseases. On the other hand some bacteria are very 
useful. 


_ Diseases Caused By Bacteria 


Name of Bacterium Diseases Caused 
1. Vibrio cholerae Cholera 
2. Salmonella typhi Typhoid 
3. Clostridium tetani Tetanus 
4. Corynebacterium diptheriae Diphtheria 
5. Mycobacterium tuberculosis Tuberculosis 

Beneficial Activities of Bacteria 

Name of bacteriun Activities 

1. Rhizobium Found in roots of legumes, (Peas, grams, 


Pulses etc) fixes atmospheric nitrogen as 
ammonia, which is then converted into 
useful amino acid. 


2. Azotobacter Makes the soil fertile. It fixes atmospheric 
nitrogen in the soil. 


3. Streptomycetes Produces Streptomycin antibiotic. 

4. Lactobacillus Ferments lactose (milk sugar) to lactic acid. 
This helps in setting of milk into curd. 

5. Methanogenic bacteria Sewage treatment 
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of Life 2.1.4 Cyanobacteria 

These were earlier called the blue green algae. (Fig. 2.4a) A very successful group 
on primitive earth. They could carry out photosynthesis and the oxygen releases 
during the process changed the earth’s atmosphere and gradually the level of oxygen 
increased in the earth’s atmosphere. 


The Kingdoms Monera, Protoctista and Fungi 


Slime layer X 
| wall -5 
Cell anpa. cas? 

Rine of DNA ~~ 

À Food granules- % 
eo Ribosome’ p -%4 

M esosome 
N pÞili— 
(a) (b) 


Fig. 2.4a-b Cyanobacteria (blue green algae) 
Differences between Bacteria and Cyanobacteria 


C ell wall — 
Cell membrane 


Position of DNA — 


Bacteria Cyanobacteria 

Smaller cells 1. Comparatively larger cells 

2. May have flagella 2. Do not have flagella. 
Some bacteria (green) 3. They all carry out photosynthesis 
carry out photosynthesis in the usual manner as in green 
in a different way and plants and release oxygen 
do not release oxygen 

4. Sexual reproduction by 4. Conjugation has not been 
conjugation. observed. 


INTEXT QUESTIONS 2.2 


1. Name the bacteria that : 


(i) fix atmospheric nitrogen in the soil 


(ii) set milk into curd 
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(iii) cause tuberculosis 


(vi) cause tetanus 


N 


Approximately how many bacteria may be obtained from one bacterium in an 
hour? 


Notes 


2.1.5 Archaebacteria 
Kingdom Monera includes two groups 


1. Archaebacteria and 
2. Eubacteria 


Archaebacteria includes bacteria that live in unusual environments particularly at 
low levels of oxygen. Main types of Archaebacteria are 


e Methanogenic bacteria that live in sewage and intestinal tracts of animals 
e Thermoacidophilic bacteria that live in hot springs. 


e Halophilic bacteria live in salty conditions e.g. where hot sun concentrates sea 


water Eubacteria include cyanobacteria and all other bacteria. 


2.2 KINGDOM PROTOCTISTA (UNICELLULAR EUK RYOTES) 

© Protoctista are unicellular eukaryotes. Protozoa and diatoms and algae are 
included in it. 

© They have membrane bound organelles such as nucleus with chromosomes 
enclosed in nuclear membrane, mitochondria, chloroplast (in photosynthetic 
protoctists only), golgi bodies and endoplasmic reticulum. 

e Mitochondria are the respiratory organelles. 

© Protoctists are either photosynthetic, parasitic or saprotrophic. 

e For locomotion, protoctists may have cilia or flagella (Fig. 2.5) having 9+2 
microtubules unlike those of bacteria, which have the 9 + 1 arrangement of 
microtubules. 

© They reproduce both asexually and sexually. 


®© Some protoctists are beneficial to humans while others are harmful. 


2.2.1 Classification of Protoctista 
The kingdom protoctista includes — 
1. Phylum Protozoa which has the following four classes : 


(i) Rhizopoda : Example Amoeba f 
Gi) Flagellata : Example Euglena f 
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(iv) Sporozoa : Example Plasmodium 
. Phylum Bacillariophyta : Example diatoms 
The algae belong to 

. Phylum Chlorophta : Example chlorella 

. Phylum Phaeophyta : Example Brown algae 


. Phylum Rohdophyta : Exmaple Red algae 
6. Phylum Oomycota : Example Phytophthora 


2.2.2 Some examples of Protoctists 


1. Amoeba 


Amoeba is commonly found in the mud in fresh water ponds and ditches containing 
decaying leaves.(Fig. 2.5a) 


— It has blunt pseudopodia for locomotion. 
— It captures food by pseudopodia to form a food vacuole. 
— It has a contractile vacuole for osmoregulation 


Pseudopodium 


Nucleus Ectoplasm 


= ié a Contractile vacuole 


Fig. 2.5 Amoeba : (a) General Structure, (b) Amoeba showing binary fission. 
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Asexual reproduction is by binary fission. (Fig. 2.5b) 


2. Entamoeba 


One common species is Entamoeba histolytica which caues amoebic dysentery in 
humans. It is amoeboid in form. New host gets infected when the cyst is swallowed 
along with contaminated food or water. The cyst bursts and releases Entamoeba 
in the intestines where it causes local abscesses (open injury). The symptoms of 
amoebic dyscenteiy are abdominal pain, nausea, blood and mucus with stool. 


Notes 


3. Plasmodium (The malarial parasite) 

The life cycle of Plasmodium has both asexual and sexual phases. 

— The asexual phase is spent in the human blood. 

— Sexual phase is spent in the female Anopheles mosquito Fig. 2.6. 


@ A Kk S| i 
pet ELA * Poe 
oO e7 O N E 
a Stomach wall ~~ Salivary gland of 
the mosquito 


Mosquito A A 
D; in man 


ın anopheles mosquito Wal e TSN 


F aeii o a TA e- : 


Fad Da Tissue cycle in liver cell 
exual cycle in tozoites 
red blood cell eye ) 


(merozoites) 


Sexual cycle 
in red blood cell 
(gametocytes) 


Fig. 2.6 The life cycle of Plasmodium in mosquito, and man. 
Male Anopheles cannot cause malaria as it feeds on plant 
juices and not human blood. 


4. Euglena — A fresh water Flagellate 
Euglena is abundantly found in stagnant waters such as pools, ponds, ditches etc. 
containing decaying organic matter. (Fig. 2.7) 


As seen in the Fig. 2.7, the organism has the following parts. 


Pellicle - elastic body covering made up of protein. 
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Flagellum | 
Cytostome {K 
Stigma an ——Cytopharynx | 
Reservoir 


Blepheroplast 
Notes Contractile vacuole 


cia 


| ~>Myonemes 


Fig 2.7 Euglena - General Structure 
Cytostome and Reservoir - the cell mouth leading into a tubular cytopharynx 
which opens into a vesicle called reservoir. 
Stigma - a prominent red pigment spot. It is sensitive to light. 
Contractile Vacuole - for osmoregulation. 
Flagellum - for propulsion in water. 
Chloroplast - contain green coloured chlorophyll for photosynthesis. 


Reproduction - is by binary fission. 


5. The Diatoms 


— The diatoms are found in both fresh and salt water 
and in moist soil. 


— Thousands of species of diatoms form food for fo 


aquatic animals. Groove 


— Diatoms are either unicellular, colonial or 

filamentous and occur in a wide variety of shapes 

(Fig. 2.8). Navicula (60 x 12M) 
— Each cell has a single prominent nucleus and 

plastids. They produce shells (cell walls) 

containing silica. Fig. 2.8 Diatoms 


6. Other Algae 


— Algae can be unicellular e.g. Chlamydomonas (2:9a) or multi-cellular like 
Spirogyra (Fig. 2.9b) 
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Cell wall 


Contractile 
Vacuole Nucleus —_ 
er Notes 
Eye spor Cytoplasm 
noid 
Nucleus ye 
" Vacuole 
Fig. 2.9 (a) Chlamydomonas (b) Spirogyra 


— Algae can prepare their own food by photosynthesis as they contain chlorophyll. 
Some algae have other pigments ‘also e.g. blue pigment (Phycocyanin), a brown 
pigment (Fucoxanthin) or a red pigment (Phycoerythrin). Depending on the 
pigment present, the algae are called blue, green, brown or red algae. 


Colour of the Red Sea is due to the dominant 
occurrence of a red alga. 


— Structurally the algae have a definite cell wall, cell membrane, a nucleus, 
cytoplasm and choloroplast. The chloroplast is cup-shaped in Chlamydomonas 
and ribbon-shaped in Spirogyra. Pyrenoid bodies ai. ‘hed to chloroplasts. 


2.2.3 Usefulness of Algae 
~ Provide food for fish as part of phytoplankton (organisms floating o.: the water 
surface) 


— These are rich sources of vitamins A and E. 


~ Many marine forms are important sources of iodine, potassium and other 
minerals. 
- Blue-green algae increase the soil fertility by fixing atmospheric nitrogen. 
— Some algae can fix atmospheric nitrogen, so they are a source of natural 
fertilizer for the plants. 
~ A group of algae (diatoms) deposit silica in their walls. After their death these 
ts are used as f Iters, 


algae are preserved as fossils. Their deposits in large amount 
and for lining of furnaces. 
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. Protoctists are single celled like the Monera. Why have they been put in a 
separate kingdom? Answer in one short sentence. 


INTEXT QUESTIONS 2.3 


É 
jat 


Notes 


2. Name the protozoan which causes 
A n a E E a T 
EME EIE Ss E a E E E a ee 


3. Which is the kind of asexual reproduction found in Protoctista? 


5. Name the organelle responsible for regulating water content (osmoregulation) 
in amoeba. 


2.3 KINGDOM FUNGI 


2.3.1 Position of Fungi 


During warm humid days slices of bread, chapati, leather belts or shoes, etc. develop 
powdery layer on them. In lawns and flower beds, mushrooms come out. These 
are all fungi. 


Fungi were earlier classified as plants without chlorophyll and without differentiation 
of parts into root, stem and leaves. They are now included, in a separate Kingdom 
Fungi. 


‘f 2.3.2 Characteristics of Fungi 
@ Fungi are multicellular eukaryotes 


© Fungi exist as slender thread like filaments called hyphae. Hypha has many 
nuclei. Yeast, however, is single celled. 


@ The cell walls are made of chitin 


e A hypha may be divided into cells by partitions called septa. 
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e A group of hyphae forming a network is called mycelium, mycetos meaning 
fungus. (Fig. 2.10) 


e Mycelia spread out on the substrate, or on the ground and even extend upto 
several kilometers. 


e They do not possess chlorophyll os their nutrition is by absprption. 
e No flagellum at any stage of life cycle. 


è Reproduction in fungi is both asexual by means of spores and sexual through 
conjugation (refer to Fig. 2.13, 2.14). 


Fungi are eukaryotic, multicellular saprotrophs having filaments 


which grow through soil, wood and other substrates. 


2.3.3 Four main kinds of Fungi 

The fungi are of four main kinds 

1. Yeasts, which are unicellular. 

2. Slime moulds, which have irregular shape. 

3. Mushrooms and toadstools, which are large enough to be seen by naked eyes. 
4. Lichens and mycorrhizae which exist in symbiotic associations. 

1 


. Yeasts 
Yeasts are fungi which do not produce any hyphae. These are generally in the form 
of single oval cells. 
Fig. 211 shows the general structure of a yeast cell. Note the followmg features 
in it: 
- ovoid cell. 
— distinct cell wall and nucleus. 
— one or more vacuoles in the cytoplasm. 
- cytoplasm is granular and has glycogen and fat (oil) globules. 


Fig. 2.10 A single cell of yeast 


Nutrition ; TAr 
Yeast is s i irectly absorb simple sugar (glucose) but for obtaining 
ast is saprotrophic. It can directly abso ple sug Brae, are 


Sucrose (cane sugar) it gives out the enzyme zymase ; 
into simple sugars. The simple sugars are then simply absorbed into the cell. 
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of Life Yeast respires anaerobically to yield energy as follows 
CsHj.05 ———>. 2C>H,OH + 2CO, + 2ATP 
(glucose) (ethyl alcohol) (energy) 
Reproduction 


Notes $f Yeast reproduces asexually by budding (Fig. 2.11). 


(a) (b) (c) 
Fig. 2.11 Budding in yeast (a) A bud is forming and the nucleus is dividing; 
(b) Bud formed and the nucleus divided; (c) Further budding forms a chain 
Sexual reproduction may also occur by its conjugation between two yeasi cells. 
The fused contents divide twice to produce four individuals with a thick wall around 


each. These are the spores. The spores may be carried by wind and germinate under 
Suitable conditions to produce new yeast cells. 


2. Slime Moulds 


These consist of a naked, creeping multinucleate mass of protoplasm sometimes 
covering up to several square metres. 


3. Mushrooms and Toadstools 


The vegetative part of the mycelium lies concealed in the substratum (in ground 
or in wood, etc.) When conditions are favourable the umbrella like mushroom grow 
out with a stalk and a cap. (Fig. 2.12) 


Soil (high humus content) 


_ Mycelium of 
Interwoven hyphae 


Fig. 2.12 A Mushroom 
4. Lichens 


These are a combination of certain fungi and a green algae which live in a symbiotic 


(mutually beneficial) association : the green algae prepares food while the fungi 
gives protection. 
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2.3.4 Economic importance of Fungi 


A. Harmful Fungi 
Several agricultural plants like sugar cane, maize, cereals, vegetables suffers from 


diseases caused by fungi. 


1. Puccinia graminis (Wheat Rust) 
It causes brown patches on leaf and stem of wheat. It decreases the yield of wheat 
and makes it unfit for human consumption. 


2. Rhizopus or (Bread Mould) grows on bread (Fig. 2.13). 
If the bread is exposed to warm and humid conditions a cottony mass develops 
in few days. This white cotton mass later develops a greyish black colour. 


The whitish network is called mycelium. 
The mycelium contains thread like structures called hyphae. 


The root-like sturctures growing out of the hyphae penetrate the bread, and 
secrete digestive enzymes (extracellular digestion) and absorb the digested 


food. 

Greyish black colour of the mould develops due to formation of sporangium 
which releases dark coloured spores. The spores scatter bywind and germinate 
after falling oil a suitable place. This is asexual reproduction. 
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Spores 


Columella 


Spores 


Columella 


Fig. 2.13 Asexual reproduciton in Rhizopus 


Sexual reproduction (Fig. 2.14) takes place by conjugation between two 
neighbouring hyphae to produce a zygospore which after a period of rest produces 
a sporangium. When mature, the sporangium bursts to release spores which 
germinate on meeting favourable conditions and produce a new mycelium 


Sporangium 


Promycelium 


Suspensor (c) (e) 


Fig. 2.14 Sexual reproduction in Rhizopus 

3. In human, skin diseases like ringworm and athlete’s foot are caused by fungi. 
Some ear infections are also caused by fungi. 

B. Beneficial Fungi A T 

— Certain Mushrooms (such as Agaricus campestris) are edible. 
Yeasts is used for fermentation during manufacture of bread, beer, soya sauce, 
cheese and wine. 

— Mycorrhizae are fungi associated with roots ofplants. Roots benefit in getting 
minerals from the environment while fungi gets food from the plant in return 


through such association. 
— Neurospora has been a favourite experimental material in Genetics. 


Various antibiotics are derived from fungi. Penicillin is obtained from Penicillium 
notatum (Fig. 2.15). Its antibiotic effect was discovered by chance by Alexander 


Flemming in 1927. 
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Conidiophore 
Septate hyphae 


Fig. 2.15 Penicillium 


| 
Olam 
1. Name 
(i) the fungus from which Penicillin is extracted 
(ii) a unicullular fungus. «1:1: 
Gi) The fungus which cause wheat FUSt......-cs-ssssserssmessesnseseceserneereen 
Gv) The whitish cottony mass growing on stale) bread n ea nR: 
(v) Two common human diseases caused by fungi... 


2. Who discovered antibiotic properties of Penicillium? 


E 

© Protectista includes protozoa, diatoms and other algae. 

© They are unicellular eukaryotes and possess organelles like mitochondria, golgi, 
chloroplast, endoplasmic reticulum 

© Protoctists ae autotrophic, saprotrophic or parasitic. 


Protozoans have cilia and flagella for movement. 
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of Life © They reproduce asexually as well as sexually. 


Examples of protoctists ae Paramecium, Amoeba, malarial parsiste, Chlorella, 
Euglena, Chlamydomonas, Spirogyra etc. 


© Some protoza cause diseases. Algae provide food for fish, and are rich sources 
— of some minerals and vitamins. Blue green algae fix atmospheric nitrogen. 
Notes Walls of diatoms which have silica are used as filters and for lining furnances. 


@ Diatoms form bulk of plankton and are food for many aquatic organisms. 


The Kingdoms Monera, Protoctista and Fungi 


@ Prokaryotes lack true nucleus. Genetic material in Prokaryotes is in the form 
of single circular DNA. 


e DNA is placed in special region in a bacterial cell called nucleoid. A small ring 
of extra DNA is present called plasmid. 


e Bacteria exhibit four different kinds of nutrition - autotrophic, saprotrophic, 
symbiotic and parasitic. 


@ Cyanobacteria possess chlorophyll that helps in photosynthesis. 


© Some bacteria fix atmspheric nitrogen to enrich soil, some help in sewage _ 
treatment. j 


@ Certain bacteria cause diseases like cholera, typhoid, tetanus and tuberculosis, — 
etc. Í 


@ There are bacteria that survive in extreme environments like these with high — 
temperature, high salinity, and presence of methane: ` 


@ Fungi are eukaryotic, multicellular saprotrophs. 
hin 

© Fungi are of several kinds such as yeasts, slime moulds, mushrooms, lichens k 
and mycorrhizae. 


e Yeasts are unicellular, which commonly reproduce asexually by budding. 
Sexual reproduction occurs by conjugation. 


@ Slime moulds are~naked, creeping multinucleate mass of protoplasm. 
@ Lichens are symbiotic combinations of fungi and algae. 


@ Rhizopus is the common bread mould that produces whitish network (mycelium) 
on stale bread, in warm humid weather. p 


© Rhizopus reproduces asexually by spores, and sexually by producing zygospore 
which in turn produce spores. 


ta 
i 
aoe . 4 
@ Wheat rust (Puccinia graminis) causes brown patches on leaf and stem of 
wheat. 


Ringworm and athelete’s ‘foot are two common fungal diseases of humans. - 


Certain mushrooms are edible. 


Yeast is used in making bread, beer, etc. - 
sl 
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e Neurospora is used in experiments on genetics. of Life 


è Peniaillium notatum yields penicillin. 


e Various other fungi produce other antibiotics. 


Notes 
TERMINAL EXERCISES 


1. Draw a labelled diagram of a typical bacterial cell, 


List the different nutritional categories of bacteria and protoctists. 


Draw the labelled diagrams to show binary fission in bacteria. 


arian? ots 


How does amoeba normally reproduce ? Draw diagrams to represent the 
process. 


5. Draw a labelled diagram of Euglena. 


6. What are the common feature of diatoms which justify their inclusion in 
protoctists? 


7. Write a paragraph on economic importance of the protoctists. 
8. List any three characteristics of fungi. 

9. What are mycorrhizae? 

10. Name three harmful fungi mentioning their harmful effects. 

1 


12. Draw labelled diagrams of the following : 


. Write a note on beneficial fungi. 


(i) A series of stages in the budding of yeast. 


(ii) Magnified view of the bread mould growing on bread. 


noe 


i] ANSWERS TO IN’ QUESTIONS 


21 1. DNA 
2. Nucleoid 
3. Peptidoglycan 
4, Flagellaare thicker and longer than pili/used in movement, used in conjugation. 


5. Aerobic bacteria respires in presence of oxygen/the anaerobic bacteria respires © 
in the absence of oxygen. i 


6. A fragment of DNA strand. 
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2.4 
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So 


®© Azotobacter 

(i) Lactobacillus 

Gi) Mycobacterium tuberculosis 

(iv) Clostridium tetani 

Eight 

Bacteria - smaller cells, flagella present, sexual reproduction by conjugation. 
Cyanobacteria - large cells, no flagella, no, conjugation. 


Protoctista are Eukaryotes/ posses true nucleus. 
(i) Entamoeba histolytica 

(ii) Malarial parasite or Plasmodium. 

Binary fission 

Mitochondria 

Contractile vacuole 

Flagellar, Pseudopodial or amoeboid (any two). 
(i) mycelium 

asexually, sexually 

Refer diagram 2.12 

(i) Yeast 

(ii) Slime moulds 

(iii) Mushrooms and Toadstools 

(iv) Lichens 

(i) Penicillium notatum 

(ii) Yeast 

(iii) Puccinia graminis 

(iv) mycelium, Rhizopus 

(v) spores 

(vi) Ringworm, Athelete’s foot 


Alexander Flemming 
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KINGDOMS PLANTAE AND ANIMALIA 


Notes 


In the previous lessons you have learnt about the basic aspects of classifying 
organisms and about the three lower kingdoms Monera (prokaryotic, unicellular), 
Protoctista (eukaryotic, unicellular), and Fungi (eukaryotic, multicellular, and 
heterotrophic). In this lesson, you will study about the remaining two kingdoms, 
Plantae (eukaryotic, multicellular and autotrophic) and Animalia (eukaryotic, 
multicellular and heterotrophic). 


After completing this lesson you will be able to 


OBJECTIVES 


e give the basis of inclusion of certain organisms in kingdom Plantae; 
è classify kingdom Plantae upto divisions; 


e give the typical characteristics of Algae, Bryophyta, Pteridophyta and 
Spermatophyta; ° 


e classify the division Spermatophyta upto classes- Gymnospermae and 
Angiospermae; 


© give the typical features of dicot families such as Malvaceae and Fabaceae; 
© give the typical features of the monocot. families such as Liliaceae and Poaceae; 
© justify the inclusion of certain organisms in kingdom Animalia; 
e classify kingdom Animalia upto Phyla; 

e give the characteristics of various animal phyla with examples; 
© classify Arthropoda and Chordata upto classes with examples; 


© classify Mammalia upto major orders with examples. 


3.1 MAIN DIVISIONS OF KINGDOM PLANTAE (PLANTS) 


Both plant and animal kingdoms include a wide variety which contribute towards 
the biodiversity on planet earth. We shall now learn the classification of plants and 


animals. 
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of Life Plants are multicellular, eukaryotic, photosynthetic autotrophs having 
cellulosic cell walls. All are embryophytes. 


Plantae are classified as follows : 

Kingdom Plantae (Embryophyta) is classified into the following divisions: 
EN, Notes |l. Bryophyta : Amphibians of plant kingdom, non vascular. 

2. Pteridophyta : True root, stem and leaves, vascular tissue present. 

3. Spermatophyta : Seed producing, vascular tissues present. 


Spermatophyta are further divided into : 
(a) Gymnospermae : naked seeded plants. Seed not enclosed in ovary. 
(b) Angiospermae : seeds enclosed in ovary wall; are divided into : 
(i) _ Dicotyledon : embyo with two cotyledons. 
Gi) Monocotyledon : Single cotyledon in the embyo. 

3.2 BRYOPHYTA (BRYOPHYTES) a 
Bryophytes are amphibians of plant kingdom as they complete their life cycle in 
both water and on land. They mainly grow in damp, shady places. 
@ They are embryophytes that do not have vascular tissues (neither xylem nor 

phloem). a 
@ No true leaves and roots. 4 
@ Sex organs are always surrounded by one or several layers of sterile cells. ) 
There are three main types of bryophytes 

1. Flat, ribbon like -— Liverworts (Marchantia) Fig. 3.1(a) 
2. Small leafy stems — Mosses (Fanaria) Fig. 3.1(b) 

3. Flat thalloid — Hornworts or Anthoceros 


Spore capsule 


Calyptra cap 


Antheridia : 
Archegonia Stalk 


Antheridiophore 


Simple leaves 


Rhizoids 
i Fig 3.1(a) Liverworts (Marchantia) Fig 3.1(b) Moss plant (Funaria) 
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In all types of bryophytes, the main plant body is gametophyte, larger and more | of Life 


persistent and photosynthetically active which bears the sex organs. In mosses, the 
gametophytic plant body is a leafy stem called ‘gametophore’ but in liverworts 
and hornworts plant body is usually a thallus, that is ribbon-like or heart-shaped 
and bilaterally symmetrical. The body is without roots, stems and leaves. The plants 
are anchored to soil by rhizoids, unicellular in liverworts and hornworts and 
multicellular in mosses. Rhizoids act as anchorage and also help in absorption of 
water from the substratum. The male sex organs are antheridia and female sex 
organs are archegonia. The gametes are produced in the sex organs. Male and 
female gametes fuse to give rise to a zygote which develops into a sporophyte. 
Sporophyte remains attached to gametophyte and depends on it for food and 
minerals. Sporogenous tissue in the sporophyte undergoes meiosis to produce 
haploid spores. The spores germinate to give rise to a gametophyte again. 
Gametophyte (Undergoes Mitosis): Gamete producing phase of plants 
Sporophyte (Undergoes Meiosis): Spore producing phase of plants 
In all three types of bryophytes, the life cycle shows Alternation of generations. 


Comparison of gametophytic and sporophytic phase 


Sporophytic phase 


Diploid phase 
Has spore producing structure 
Produces spores 

Spores are produced by meiosis 
Short lived phase 


Gametophytic phase 


Haploid phase 

Has sex organs 

Produces gametes 

Gametes are produced by mitosis 
Dominant phase occupies most 


eee Die 


of the life period 


© The bryophytes are pioneers of vegetation, i.e. they are the first ones to grow 
on various habitats like rock, lava, sand, water etc and act as soil binders. 


è The mosses hold water better than the soil thus improve the microhabitat for 
seeds of other plants to grow. 


®© They are the source of food for fish and birds and for nesting materials for birds. 


Notes 
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Root 


Fig. 3.2 A garden fern plants 


. Ferns are lower vascular plants. They contain vascular tissue. Vascular tissue 


is made up of xylem and phloem which helps in conduction of water and 
nutrients to all parts of the plant body. Pteridophytes are usually found in damp, 
shady places or in gardens, on the hills where temperature is low. 


. The main plant body represents a sporophytic (diploid) generation and has roots 


which penetrate the soil and absorb water. 


. The leaves (fronds) of sporophyte grow on thick horizontal underground stem 


or rhizome which bears adventitious roots. The young leaves and the base of 
fronds are covered by dry brown scales (remanta). 


. The young leaves show characteristic tightly coiled structure (see Fig. 3.2a). 


The axis of the leaves is called rachis and leaflets on both sides of rachis are 
called pinnae. The division of pinnae are known as pinnules. 


. On the under surface of the leaves, develop spore producing bodies called 


Sporangia. The sporogenous tissue in the sporangia undergoes meiosis to 
produce hapliid spores. 


The spores germinate into an independent small thallus like body, the gametophyte 
called prothallus. The prothallus bears antheridia and archegonia which 
produce male gametes and female gametes. The gametes fuse and zygote 
develops into a diploid sporophyte. í 


The young embryo absorbs nutrients from the gametophyte until its roots and 
leaves are formed. The gametophyte then dies. 

Gametophyte grows independent of sporophyte, and it lives for a short period 
of time but a new sporophyte is temporarily dependent upon a tiny gametophyte. 


[The two phases alternate as in bryophytes | 
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cycle. 


3.4 GYMSOSPERMAE (GYMNOS; NAKED, SPERMA; SEED) 


Together with flowering plants Angiosperms, the Gymnosperms form the group 
Spermatophyta (sperma; seed, phyte; plant) i.e. seed producing plants. 

The gymnospermae bear naked ovules on flat scale leaves called ovuliferous scales 
not enclosed in carpels (ovary). The ovuliferous scales are arranged in cones. 


Characteristics of Gymnosperms 

1. The adult plant (sporophyte) is tall, woody, perennial tree or shrub mostly 
evergreen. The stem is usually branched, but rarely unbranched as in Cycas. 

2. Leaves may be simple (as in Pinus) (Fig. 3.3a) or compound (as in Cycas 
Fig. 3.3b). 

3. Leaves may be dimorphic or of one kind only. Foliage leaves are large green 
pinnately compound, needle-like and grow on dwarf shoot as in Pinus and not 
on the main trunk as in a Cycas. Scale leaves are brown and simple. 
Vascular bundles in stem are arranged in a ring and show secondary growth. 


5 Gymnosperms bear cones which are usually unisexual (either male or female 
Fig. 3.3c). 

6. Pollen grains are haploid produced in microsporangia of male cone. Each pollen 
grain has two large sacs to help in the dispersal. Pollen grains produce two male 
‘gametes. 

7. Ovules are not enclosed in ovary as in Angiosperms, but are borne naked on 
leafy megasporophylls of female cone, so the term gynmosperms or ‘naked 
seeds’ for this group. Ovules are produced side by side, inside which female 
gamete or egg is produced. Male gamete fuses with female gamete in the ovule. 
The fertilised ovule then develops into a seed (winged in case of pinus). 


_— E 


BIOLOGY 


EEEE EE 


MODULE - 1 


Diversity and Evolution f 


of Life 


i Some common Gymnosperms are 

Í Pine (Pinus), Red Wood (Sequoia), Juniper (Juniperus), Cedar (Cedrus). Many 

F gymnosperms yield timber, resins, turpentine, and many other products like the dry 
fruit chilgoza. 


New leminal bud Leminal bud 


Female cone in 
its first season 


f- Dwart shoot with 
pine needles 


bearing 
foliage leaves 
Main shoot 
Female cone in 


Male cane second season 


(takes the place ; 
of a dwart shoot) 


Ring scar 


Cone in third 
” season at seed, 


(a) 


| Leaf scar 

P despersal 

} (c) 

i 

HI 

i Fig. 3.3 Some examples of phylum gymnosperm (a) Pinus tree (b) cycas tree (c) tree with 


male and female cone 
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3.5.1 Angiosperms I A 
A typical flowering plant } 


Our most familiar plants like pea, mango, coconut, wheat and rice come under the 

group called Angiosperms. Their seeds are always enclosed in the fruit. A fruit) Notes ~ 
is a mature ovary. 

Look at an angiosperm plant in Fig. 3.4. 


Reproduction 


Node 


Internode h 
Photosynthesis 


Transpiration 


Support 
conduction 


ane PEIRETA 


ai 


Fig. 3.4 The parts of an angiosperm plant 


The angiosperms are divided into two groups or classes: 

l. Dicotyledons. 2. Monocotyledons. 

Look at Fig 3.5 to study the differences between the two groups. 

Angiosperms bear seeds enclosed in fruits. 

Dicot plants have two cotyledons in seeds whereas Monocots have only one 

cotyledon within seeds. 

Differences between angiosperms and gymnosperms i 

|. Seeds naked as not enclosed in Seeds enclosed in fruit (a mature 
ovary, ovary). ? 

2. Bears cones where spores (gametes) Bears flowers where reproductive 


develop 
develop. spores (gametes) J 
-Xylem vessel. usually absent. Xylem has both vessels as well as tracheids. 


MODULE - 1 Kingdoms Planfae and Animalia 
i versity and Evolution 

ABN Monocot Dicot 

Na p i ¢ Xylem vessels 

beets Root | % > Xylem vessels} CID Ai Rae 
3 AA 
Y Wx 3 

stem [® q æ ©} Vascular bundle Cambium 


Vascular bundle 


$ Reticluate veins 
Leaf Parallel veins 


Petal 
Parianth pap Sepal 
Flower Trimerous Stamen 
Pentamerous 
Seed One cotyledon 
Two cotyledons 


Fig. 3.5 Comparison of Monocots and Dicots 


3.5.2 Some families of Angiosperms 


Angiosperms include the most diverse and widespread members of the Kingdom 
Plantae. 


Flowers offer a large number of characters which are constant and so they are used 
for grouping of angiosperms into different families. 


Within each family are included plants which show similarities in organization of 
various parts of the flower. 


We shall study only four families: Two dicot and two monocot 
1. Fabaceae — Pea family : includes all the pulses 
Malvaceae — China rose family 


2. 
3. Liliaceae — Lily family 
4 


Poaceae — Grass family : includes cereals 
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Fabaceae Family (Papilionaceae) : A dicotyledonous family i of Life 
The plants are herbs or shrubs. Flowers are zygomorphic (means it can not be cut i 
into two equal halves), bisexual, complete, calyx consists of 5 sepals, jointed. | I 
Corolla consists of 5 petals, polypetalous (papilonaceous in shape or buttery | ] 
shape). There is a large petal called standard, two smaller ones called as wings and fet 
two interior small ones, more or less jointed forming the keel. Androecium consists Notes 
of 10 stamens, arranged in two bundles (9+1) that is Diadelphous condition j 
(Fig. 3.6a). Gynoecium is superior, monocarpellary, unilocular with many ovules i 
arranged on a marginal placenta. Fruit is a pod. 


Standard 


A flower Petals of flower opened out 


Fig. 3.6a A pea flower 


Some examples of useful plants of Fabaceac 


Common Name Botanical Name 
Pea (Matar) Pisum sativum 
Pigeon pea (Arhar) Cajanas cajan 
Green Gram (Moong) Phaseolus aureus 
Soya-bean Glycine max 
Lentil (Masoor) Lens culinaris 
Ground nut (Moong-phali) Arachis hypogea 
Chick pea (Chana) Cicer arietinum 


2. Malvaceae 
The plants may be herbs, shrubs or trees. 


Hibiscus rosa-sinensis’ (china-rose/shoe. flower, vernacular; gurhal) is one of the 
best examples of this family. Flowers are large and attractive usually solitary 
axillary (See Fig. 3.6b). 


Flowers are pentamerous (all whirls are five or multiple of five) actinomorphic. 
Epicalyx is present as an additional whorl of bractiole just below the calyx. Calyx 
has five sepals may be free or joint at the base. Corolla has five petals usually free. 
Androecium consists of indefinite numbers of monodelphous stamens. The lower 


4 i sists of 5 
parts or filaments join together to form staminal tube. Gynoceium consists 
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capsule. 
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Bhindi, hollyhocks are other examples of this family. 


Carpel 
Notes 


i 
Fig. 3.6b A China rose flower 


Liliaceae- A monocot family (Lily family) 

The plants are mostly herbs usually perennial. The stem is rhizome or bulb like. 
Leaves may be fleshy, cauline (arising from the underground stem) 

Flowers are bisexual, actinomorphic, mostly trimerous (all the whorls are either 
three units or multiples of three) and hypogynous. Perianth is large, petaloid 
(corolla-like) usually six arranged in two whorls of three each, free or united. 
Stamens usually six (3+3) in two whorls situated opposite to perianth. Carpel three, 
syncarpous ovary, superior, axile placentation. Fruit usually a capsule. 


Flower 


t. 
$ Fig. 3.6¢ An onion plant. 


Some examples of useful plants of Liliaceac 


Common name Botanical name 
Ghrit kumari Aloe vera 

Satawar or satmuli Asparagus racemosus 
Tulip Tulipa tulip 
Shakrapushpi Gloriosa superba 
Lily Lilium candidum 
Onion Allium cepa 
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Family Poaceae — A monocotyledonous family of Life 


The plants are herbs, rarely woody as in bamboo. inflorescence, spike of spikelets, 
(wheat). A small spikelet may contain not more than 5 flowers. 


Flowers are very small, inconspicuous, with scale-like structures (Fig 3.6d). 


Stamens are 3, sometimes 6 as in rice and bamboo, carpels unilocular, ovary Notes —— 
superior. Fruit is caryopsis (seed coat and ovary wall fused). 


Some examples of useful plants of Poaceae 


Common Name Botanical Name 

Rice Oryza sativa 

Wheat Triticum aestivum 
Maize Zea mays 

Sugar Cane Saccharum officinarum 
Bamboo x Bambusa sp 

Barley Hordeum vulgare 


A. Portion of a branch with sheathing 
leaves and ligules; 

B. A panicle of spikelets; 

C. 1-flowered spikelet (note the 
glumes and stamens) 

D. Spikelet dissected out 

G1. First empty glume; 

G II. Second empty glume, 
FG. Flowering glume; 

P. Palea; a 

L. Lodicules; 

S. Stamens; and 

G. Gynoecium. 


N 


Q 


Name one dicotyledonous and one monocotyledonous family. 


E 

2. Give the number of stamens in 
(a) Papilionaceae 
(b) Malvaceae 

3. Give botanical name of 
(a) Rice 
(b) Arhar 
(c) Ghrita kumari 

4. Where do seeds develop in angiosperms? 
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3.6 KINGDOM ANIMALAE 


Includes the animals which show a wise variety yet have some common features. 


Bie 3.6.1 Few general features of kingdom animalae 


Notes fe Animals are multicellular eukaryotes 
@ They have ingestive, heterotrophic nutrition. 
© They have the power of locomotion. 


@ They show increased senstivity through nervous system. 


Basis of classification of animals | 
Organisation, symmetry, body cavity, number of embryonic cell layers and presence 
or absence of notochord are the features used for distinguishing broad categories 
of animals. 


Organisation : Bodies of animals are multicellular. But cells may or may not be 
organised into tissues and organ systems. Animals such as sponges are aggregates 
of cells. They are at cellular level of organisation. Cnidarians have groups of cells 
performing specialised functions. They are at tissue level of organisation. All other 
animals have organs and systems for performing body functions. They are at organ- 
system grade. 


Symmetry : means dividing the body into equal and identical parts. Sponges are 
asymmetrical. Cnidaria and Echinoderm larvae are radially symmetrical. All other 
an;mals are bilaterally symmetrical. 


| Body Cavity or Coelom : is a cavity between body wall and food canal. It is not 
; present iñ Acoelomates (a = no, coelom = body cavity) and present in Eucoelomates 
| (cu = true). Pseudocoelom (pseudo = false) is not a true body cavity. It is found 


in round worms. 
| 


| Embryonic layers : Three layers of cells, ectoderm, mesoderm and endoderm in 


i the embro (germinal layers) gives rise to parts of the body of animals. Sponges and 
4 Cnidaria do not have mesoderm in their embryos. They have two germinal layers 
ectoderm and endoderm (diploblastic). Others have three germinal layers 


| (triploblastic). 


eee 


Notochord : is a solid rod found in embryonic stage or adults of some animals 
which are grouped as phylum chordata. All animal groups lacking notochord are 
‘termed, non-chordates. ` 
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Kingdom Animale 
(Multicellular Eukaryotic Heterotrphs) 


Sub Kingdom 
| 


Parazoa 
(a) No symmetry 
(b) No tissues (cellular grade 
of organisation) 
Phylum Porifera 
Organisation (a) Tissue grade of 


Eumetazoa 
(a) Symmetrical 


(b) Tissue and organ. 
grade of organisation 


(a) Organ system grade 
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and organisation of organisation. 
germinal (b) Two embryonic germ (b) Three embryonic germ 
layers layers. (diploblastic) layers (triploblastic) 
Phylum Cnidaria All other Phyla 
Symmetry Asymmetrical With Radial Symmetry Bilateral Symmetry 
L $ 4 
Phylum Porifera Phylum Cnidaria All other phyla 
Body Aoelomates Pseudocoelomates Eucoelomates 
Cavity (No coelom) (False coelom) (True coelom) 
4 l 4 
Phyla Porifera, _ Phylum All other 
Cnidaria Aschelminthes Phyla 
Platyhelminthes 
Presence no notochord Notochord at 
Notochord or some stage of 
absence life 
of 
Notochord Non chordata Chordata 


3.6.2 Major phyla included in kingdom animalia 


Phylum Porifera (Includes sponges) 


Main Characters: j 
=- Body with many pores, canals or chambers through which water flows called 
the canal system. 


~ large aperture called osculum at the upper end. 
— Body encloses a large cavity spongocoel. 


fi. 
~ No organs, movable parts or appendages. Different kinds of cells perf ‘orm 
different functions. 


~ Usually with an internal skeleton of calcareous or silicious spicules, or, of, 
spongin fibres, or both. z 
~ Reproduction asexual by budding; also sexual. 


~ Almost all marine. 
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Osculum 


Fig. 3.7 : Phylum Porifera (a) Sycon; (b) Euplectlella; (c) Euspongia 


2. Phylum Cnidaria (Includes hydroids, jelly fishes, sea anemone, corals) 

Main Characters: 

— Body with no head and no segmentation. 

— Body wall two layered: external epidermis and inner gastrodermis, jelly like 
non-cellular mesogloea in between. 

— Cnidoblasts (stinging cells) present, helps to catch prey (carnivorous) 

— Skeleton calcareous, horny or none. 

— Asexual reproduction by budding in the sessile (polyp) stage, and sexual 
reproduction in free swimming (medusa) stage. 

— Radial symmetry 

— All marine, except hydra (found in fish water) 


— Either fixed like hydra, sea~anemones and corals, or free floating like the jelly 
fish. 


Tentacles 


Tentacles 


(a) (b) 


Fig. 3.8 Three common Cnidarians (a) Hydra (b) Jelly fish (c) Sea Anemone 
3. PhylumPlatyhelminthes (Flat worms) 
Main Characters: 


— Elongated, soft bodied, dorsoventrally flattened worms, without true 
segmentation. 
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— No body cavity of Life 
— Suckers or hooks or both for attachment to the body of the host H 
— Sexes usually united, mostly sexual reproduction, with asexual reporduction in 7 


some. 

+ Alimentary canal has only one opening the mouth. In some forms (e.g. 
tapeworms) there is no alimentary canal at all. 

— A few are free-living but mostly parasites. 

Examples: Planaria (free living), 

Fasciola (liver-fluke) is a parasite of sheep liver, Taenia (tapeworm) is a parasite 

of human intestine. 


Notes 


Fig. 3.9 Phylum Platyhelminthes (a) Planaria (b) Fasciola (c) Taenia 


a 
3. Phylum Aschehelminthes (Class nematoda) i 
(Round worms, thread woums) 
Mouth 
Main characters: 
— Elongated cylindrical round body be 
— Body cavity is a pseudococlom (false body cavity) 
— Alimentary canal opens at the two ends, mouth and 
anus. nd +} Uterus 
Testis 
— Sexes separate, males smaller than females. (Fig 3.10) A 
— Mostly parasitic in animals but some live freely in the Ri 
soil. 
— Ascaris is a common round worm, parasitic in the 
intestine of humans. 
— Pin worm and wuchereria (Filaria worm) are some other pigi i 
A examples. Anus (a) male 
4. Phylum Annelida (Includes earthworms) Bailie 
Main characters: f 
i 


— Elongated, segmented, coelomate (true body covity) Fig. ai here (a) Male | 
worm-like animals. (b) Female | 
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- Body provided with setae or parapodia for locomotion. 


Well developed digestive system with the alimentary canal open at both ends. 


— Excretory organs called nephridia. 
— Sexes united (as in earthworm) or separate (as in Neris). 


Regeneration quite frequent. 


“= Aquatic, some terrestrial animals, some living in tubes and some even parasitic. 


Examples: Nereis, Earthworms like Pheretima (free living in soil), Hirudinaria 
(leech) (parasitic on cattle). See figure 3.11. 


Mouth 


Fig. 3.11 Annelids (a) Nereis (b) Pheretina (c) Hirudinaria 
6. Phylum Arthropoda (includes Crab, scorpion, insect, spiders etc.) 
Main Characters: 
— Segmented body, can be differentated into head, thorax and abdomen 
— Head and thorax often fused to form cephalothorax 
— Jointed legs for locomotion, one pair each on some or all body segments 
— Exoskeleton of chitinous cuticle, shed at intervals (moulting) 
— Sexes usually separate. ` 
Arthropods are further divided into classes. 
(i) Crustacea Gi) Myriapoda (iii) Insecta Gv) Arachnida 
Classification 


Phylum Arthropoda 


Class 2 Crustacea |Class 3 Myriapoda 


(a) body covered (a) Body with 


Class 1 Arachnida 
(a) Cephalothorax with 2- 


Class 4 Insecta 
(a) body divisible 


chelicerae, 3- pedipalpi, with dorsal numerous into head, 
and 4 pairs of walking covering called segments, thorax, and 
legs carapace abdomen. 
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(b) abdomen usually without of Life 
legs 


(b) cepalothorax 
with 13 pairs of 
legs in 


(b) each segment (b) thorax 3- 
bearing 1-2 segmented with 
pairs of legs 3 pair of each 


- 
EAN 
appendages terrestrial and segment # \ 
sexes usually air-breathing usually 2 pairs f \ 
separate ` arthropods of wings on Poe 


mes MODULE - 1 
the last two | 
thoracic t 


segments. 


(c) eyes simple (c) eyes compound |(c) eyes compound | (c) eyes compound 


(d) sexes separate (d) sexes separate | (d) sexes separate | (d)sexes separate 
(e) Example scorpion 


(Fig. 3.12a) 


(e) Example Prawn 
(Fig. 3.12b) 


(e) Example (e) Example 


(Scolopendra) cockrouch : 
(Fig 3.124) 


and Mellipede 
(Fig. 3.12c) 


i Antennae 
Chelicerae Compound eyes 


Antennae l 


Antenna 


(o) ® 
Fig. 3.12 Arthropods (a) Scorpion; (b) Prawn; (c) Millipede; (d) Cockroach 
7. Phylum mollusca (includes conch, snails etc.) 


Mollusca 

These animals have a soft, unsegmented body, with a hard, calcareous shell to 
protect the soft body, with a hard, calcareous shell to protect the soft body. They 
have a muscular foot to help locomotion and also to act as a weapon in some cases. 
Examples: snails, slugs, oysters, mussels, clams, squids, and octopuses (Fig. 3.13). 


Main Characters. 

— Unsegmented soft bodied animals terrestrial or aquatic, 

-Exoskeleton in the form of a shell. When present shell is usually univalved or 
bivalved: internal shell in some. 


— Sexes separate or united. 


— Have a muscular foot for locomotion. i 
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of Life Examples. Apply snail (Pila), Freshwater mussel (Unio), Cuttlefish (Sepia) shegs, 


Octopus. 


Single shell 


Notes 


Fig. 3.13 Three molluscs (a) Pila (b) Unio (c) Sepia 


8. Phylum Echinodermata (Includes star fishes, brittle stars, sea urchins, sea 
cucumbers) 


Main Characters: 

— Marine animals, with unsegmented body. 

— Head absent, body surface marked with 5 radiating areas. 

— Radial symmetry. 

— Endoskeleton of dermal calcareous ossicles with spines. 

— Movement by tube feet. 

— Sexes usually separate. 

— Regeneration of lost parts a peculiarity. 

~ Adults are radially symmetrical, but the larvae are bilaterally symmetrical. 


(b) 


4. How many pairs of legs do the following have 
(i) Insects; i jo enr o cent ern ee 
(ii) Scorpions; ~~ ..ss.dss---<o04s-somenares Taare 


SRT a 
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(ii) Spiders: = "Spent asa ee of Life 
5. Name the organs by which the starfish move? 
6. 
Notes 


7. Name the phyla which have the following characteristics : 
(i) Tube: a n A E E EEN a E «ok 
(ii) Cnidöblasts s.sssirseirssanisessnisaasri s N eaassinos sanon opasnorai visne. AANE. wi 
Gi) Chitinous o E a a e A 
(iv) Jointed legs 
(v) Nephridia ........... 
(vi) Flattened body and a gut without anus. 


3.9 PHYLUM CHORDATA 


Main Characters: 
— Notochord present at some stage of life, in most cases replaced by backbone. 


— Dorsal tubular nerve cord. 
Gill slits present at some stage of life. (larval or adult) 
— Body with a head and trunk and two pairs of appendages. 


2. Subphylum- 
Cephalochordata 


(a) Notochord and nerve cord 
remain present throughout 
the life and extend through 
entire length of the body. 


I 


Classification 
Phylum Chordata 
1. Subphylum Urochordata 


3. Subphylum Vertebrata 


(a) Notochord replaced by 
vertebral column (back 
bone) 


(a) Notochord present only in 
larval stage. (uro-tail) 


(b) Body bag-shaped, covered | (b) Body elongated and- (b) Body , with well 
by a particular tunic or testa flattened from sides. developed “hcad” and 
in adult stage. paired fins or limbs. 

Cartilaginous or bony 
endoskeleton 

(c), Limbs absent (c) Limbs or paired fins | (c) paired limbs present 

absent. (tetrapoda) 

(d) Dorsal tubular nerve cord | (d) Dorsal tubular nervecord | (d) Dorsal tubular nerve 
present in the larval forms present in adults. cord present which is 
and reduced in adult. divided into brain and 

spinal cord. 

(e) Example: Herdmania (Fig. | (e) Example: Amphioxus (Fig (e) Examples.: All animals 


with backbone (Fig. 
3.15c) 


BIOLOGY - 


3.15a) 


Kingdoms Plantae and 


MODULE - 1 wi 
Diversity and Evolution 
of Life 


Fig. 3.15 Chordates (a) Herdmania (b) Amphioxus (c) Petromyzon 
The subphylum vertebrata has 2 super classes Agnath (jawless vertebrate) a 
Gnathosformata (jawed vertebrata) 
Super-class Agnatha (A, no ; Gnathos : jaw) Super-class Gnathostomata J i 
(jawed vertabrates) (jawed vertabrates) ‘ 


Class : Cyclostomata Class (1): chondrichthyes 
(Cyclo = circular, Stoma = mouth) Class (2): Osteichthyes 
— no jaws Class (3): Amphibia 

— 7 pairs of gill-slits Class (4): Reptilia 

— no paired fins - Class (5): Aves 

— eg. Petromyzon (Lamprey) (Fig. 3.15) Class (6): Mammalia 


The two classes of fish include the cartilaginous and bony fish. Fishs are 
aquatic animals, gill breathing and move with the help of scales. 


Class 1. Chondrichthyes 
(Gk, Chondro = cartilage; ichtyes = fish) 


— mouth ventral 

— tail heterocercal 

— Skeleton cartilaginous Five pairs of gill slits = Clasper Till 
— Five to seven pairs of gills agi 

— Operculum (gill cover) absent Pectoral fing” Pelvic fins 


Example: Scoliodon (dog-fish) (Fig 3.16a) 
Class 2. Osteichthyes 

(os = bone; ichtayes = fish) 

— Mouth terminal Gill cover Dorsal fins 
— Tail homocercal h 
— Skeleton bony 

— Four pairs of gills 
— Operculum persent Pettoral fin 
Example : Labeo (Rohu) (Fig. 3.16b) 


Fig. 3.16a Scoliodon 


Fig. 3.16b Labeo 
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MNTEXT QUESTIO! 
1. Name the olona 
(i) The category of animals possessing backbone. Notes a 


Class 3 : Amphibia (amphi: double or both, “bios” : life refering to life on 
land as well as in water) 


Main characters: 
— Partly live in water and partly on land. 


— Skin smooth or rough, rich in glands. 

- Two pairs of limbs; pentadactyl (five fingered), digits without claws. 

- Body with distinct head and trunk, no neck. 

- Two nostrils opening into buccal cavity. 

— Tympanum present on surface of body wall. 

— Eggs are laid in water. 

~= In early stage of life (larvae), they breathe by means of gills, but adults breathe 
by lungs. 

~ Heart three chambered. 

— Larval stage tailed and aquatic. 

Some are tailed (salamandre) and some other are tailless (Frog, Toad) 


Examples : Salamandra, Proteus (Fig. 3-17a), Rana (Frog, Bufo (Toad (Fig. 3.17b) 
Ichtyophis (Fig. 3.17c) 
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Fig. $.1/ Amphibian (a) Salamandra (D) Frog (¢) tehthiophis 


INTEXT QUESTIONS 3.7 
. How many chambers are there in an amphibian heart? 
2. Name one tailless amphibian. 


3. What is the literal meaning of the term “amphibia”.? 


SETAE Li, AER MS ST SAE RIEL: MS) 2A AE IOI ETL AS a E 


Class 4 : Class reptilia (reptere: to crawl) : are four-legged or legless crawling 
animals whose body is covered into scales. they lay eggs on land 


Characteristic features: 

= Terrestrial (live on land), or some are aquatic (live in water). 

— Body covered with horny scales. 

— Skin is dry. 

— Paired pentadactyl limbs (absent in snakes) with clawed digits. 

— Tympanum small and depressed (absent in snakes), 

— Respiration by lungs. 

~ Heart three chambered but with a partilly divided ventricle (4- chambered in 
crocodiles). 

- Their eggs have leathery shell. 

Examples : Tortoise, turtles, garden lizard (calotes) wall lizard (Hemidactylas), 

cobra (Naga raja) and crocodile (Crocodilus) Gharial (Gravialis) 


Fig. 3.18 Reptile (a) Turtle (b) Wall Jizard(c) cobra (dY crocodile 
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Class (5) Class : Aves (avis = Bird) of Life 
Characteristic features: eA \ 
— Warm-blooded (homoiothermal, also called endothermal i.e. body temperature O \ 


remains constant). 
— Body covered with feathers, scales are present only on hind-limbs Notes e 2 
— Body is divisible into three parts, head, neck and trunk. 
— Jaws with horny beak, no teeth. 
— Hind-limbs with four digits adapted for perching, walking or swimming 
— Bones with air spaces to make the skeleton light (pneumatic bones). 
— Fore limbs modified into wings for flight. 
— Heart 4-chambered, lungs for respiration connected with air-sacs. 
= Voice-box or syrinx (present at the junction of trachea and bronchi). 
= Only left overy and oviduct present in the females (economy in body weight.) 
= All oviparous (lay eggs), egg with much yolk and calcareous shell. 


Example : Struthio (Ostrich), Abteryx (Kiwi), Pavo (Peacock) Columba, (Pigeon), 
Corvus (Crow), ete. (Fig. 3.19). 


Fig. 3.19 Aves (a) Ostrich (b) Kiwi (c) Pigeon (d) Crow 


| 

e 

1. Name an aquatic reptile. 

2, How many chambers are there in the heart of : 
Gi) lizard; 
(ii) crocodile 


3. What is the voice box in birds called? 
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of Life Class (VI) Mammalia (Mamma : breast) 


Characteristic features: 
— Body covered with hair. 


— Presence of milk (Mammary) glands. 


— Sweat and oil glands present in the skin. 

— Body divisible into head, neck, trunk and tail; tail absent in some. 
— Projecting external ears (pinna) present. 

— Digits usually ending in claws, nails or hoofs. 


— Dentition thecodont (teeth in sockets of jaw bones) and generally heterodont 
(four different types). 


— Seven neck vertebrae 
— Homoeothermal, warm blooded and heart four chambered. 


— Testes are extra-abdominal (not within abdominal cavity) contained in scrotal 
sacs 


—  Viviparous (give birth to the young) (some primitive mammals are oviparous) 
(lay egss). 


— Foetus is nourished by mother through placenta. 


Classification of Class Mammalia 


1. Sub class Prototheria 2. Sub class Metatheria 


3. Sub class Eutheria 


(a) No external ear. (a) External ear present. (a) External ear well 


developed y: i} 

(b) Teeth found only in ot 
young 

(c) Placenta absent 


(b) teeth found in both 
young and adults 

(c) No placenta for nouri- 
shment to embryo 

(d) Mammary glands present | (d) Mammary glands 

present 

(e) Females are oviparous. | (e) Immature young ones are | (e) Mature young ones are 
Example: Duck-bill born. (For further 
platypus (Ornithorh- classification and 
ynchus) (Fig. 3.20a) examples, see below). 


(b) Teeth present in young 
as well as adults. 
‘| (c) Placenta is present 


(d) Mammary glands are 
devoid of nipples 


born. Marsupium (pouch) 
is present in females 
Example: Kangaroo 
(Macropus) (Fig. 3.20b) 
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Birds and mammals have a constant body temperature. They are termed 
homoiothemal. ’ 


Sub class Eutheria has been divided into number of orders. Some important ones 
are as follows: 


Order 1 : Rodentia 

- Herbivorous and terrestrial. 

- Incisors long, sharp and chisel-shaped. 
- Forelimbs shorter than the hind limbs. 
Example: Rat, Squirrel (Fig. 3.21) 


Order 2 : Chiroptera: 

- These are flying mammals. 

- Fore-limbs adapted for light. 

- Skin fold i.e. patagium works as wing. 
- Hind-limbs thin and short. 

- Nocturnal (active at night). 


- Bats have poor eyesight. They avoid colliding 
against objects by echolocation in which the bat 
emits supersonic waves which are reflected back 
from the objects and the bat can perceive the 
reflected waves to determine the position of the 
object. The method is very similar to radar. 


Example- Bat (Fig. 3.22) 


Order 3. Carnivora 

~ Flesh-eating mammals. 
~ Large pointed and sharp canines to tear the flesh. »\ 
~ Fingers with sharp claws. ` 


Example: Lion, Tiger, Cat, Dog. (Fig. 3.23) 


Order 4. Primates 


~ Highly developed Brain. 


~ Byes are set forward in the dead to provide binocular (depth-pereption) vision 
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— Limbs have five digits with flat nails. 


— The thumb of the hand and the greater toe of 1 
feet are opposable (for grasping) 


Notes f- Two thoracic mammae (breasts) present. 
Example: Monkey, Apes, Man (Fig. 3.24) 


Order 5. Cetacea 
— Aquatic. 


— Fore-limbs are changed into paddles “~u 
— No neck. 
— Fish-like shape but respiration by lungs. 
Example: whale (Fig. 3.25) 


Order 6. Proboscidea 
— Large, herbivorous, terrestrial. 


— Fusion of upper lip and nose to form a long mobile 
trunk. 

— Only one pair of incisors in upper jaw which form 
huge tusks in males. 


Example: Elephant (Fig. 3.26) 


Order 7. Ungulata 

— Hoofed mammals. 

— Herbivorous. 

— Usually domesticated by man. 


— Mammae are abdominal with teats. 
Example: Deer, Cows, Sheep (Fig. 3.27) 


1. Match the items in column I with those in Column II 


Fig. 3.27 Deer 


INTEXT QUESTIONS 3.9 


Column I Column II 
(i) Humans (a) Carnivora 
(ii) Platypus (b) Ungulata 
(iii) Tiger (c) Primates 
(iv) Whale (d) Prototheria 
(v) Horse (e) Metatheria 
(vi) Kangaroo (f£) Cetacea 
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2.: Name the Group of Mammals which includes 
(i) Egg-laying mammals 


(ii) Pouched mammals 


(iii) Flesh-eating mammals 


(iv) Aquatic mammals seessessesseseosessessenssencenstnenseneeneeneasoess 
(v) Flying mammals eesssessessesssnessessesasssssneenenssnssncnnsencers 


3. For which characteristic feature are certain animals placed in class mammalia? 


e Animals are multicellular eukaryotes with heterotrophic nutrition, locomotion 
and sensitivity through nervous system. 

@ They may be at cellular grade of organisation (Phylum Porifera), tissue grade 
(Phylum Cnidaria) or organ grade of organisation (other animal phyla). 

© Their body may be asymmetrical (Porifera), radially symmetrical (Cnidaria), or 
bilaterally symmetrical (other animal phyla). 
Kingdom Animalia is divided into two groups : non-chordates and chordates. 

© Non chordates are included in three sub phyla Urochordata, Cephalo-chorddata 
and vertebrata. Vertebrata has super classes-Agnatha (Jawless) and gnathostomata 
(possesing jaws.) 

@ Gnathostomata includes six classes — Chondrichthyes (cartilaginous fishes), 
Osteichthyes (bony fishes), Amphibia (frog etc), Reptilia (lizard, etc.) Aves 
(birds) Mammalia (rat etc.) 

Porifera are characterised by ostia, osculum, spongocoel and canal system. 
Cnidaria have cnidoblasts (stinging cells), coelenteron and the polyp and 
medusoid forms. 

© Platyhelminthes (flat worms) include some free-living but mostly parasites like 

tapeworm and liver fluke. Í 

Class Nematode of phylum Aschelminthes include round worms. 

Annelida (Earthworms etc.) show metameric segmentation and have nephridia. 

Arthropods have jointed appendages and chitinous cuticle as their exoskeleton. 

Mollusca includes soft-bodied animals covered by a calcareous shell. 
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of Life © Echinodermata includes spiny skinned marine animals which have tube feet for 
locomotion. 
© Chordates have (i) a notochord (ii) a dorsal hollow nerve cord and (iii) gill slits at 
some stage of life. 


@ Amphibians live on land as well as in water. Their limbs have no claws. 
© Reptila have horny scales covering the body. They are mostly terrestrial. 


@ Class Aves includes birds-the flying vertebrates with fore limbs modified into 
@ Mammals possess hair and mammary glands which secrete milk to feed the young 
ones. 


e Kingdom Plantae is classified into two divisions i.e. Bryophyta and 
Trachaeophyta. 


@ Bryophytes are amphibians of plants and are non vascular. 

© Main plant body of Bryophytes is a gametophyte; sporophyte remains attached to 
gametophyte. 

@ Main plant body of Pteriodophytes is a sporophyte. 

© Both all groups of Plantae show alternation of generations 

© Gymnosperms and Angiosperms are seess oducing plants. 

@ In Gymnosperms seeds are naked, where: in Angiosperms seeds are enclosed in 


ovary. 

© Main difference between dicotyledonous and monocotyledonous plants is number of 
cotyledons. 

@ Brassicaceae and Fabaceac are dicot families, whereas. Poaceae is a monocot 
family. 


1. List the main groups of kingdom Plantae. 

2. Give the two main types of Bryophytes. 

3. Differentiate between gametophyte and sporophyte. 

4. Difine alternation of generations. 

5. Why are Pteridophytes grouped under Trachacophyta? 
6 

7 

8 
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TERMINAL EXERCISES 


. Differentiate between Angiosperms and Gymnosperms. 

. Give three main differences between dicot and monocot plants. 

. Name three families of Angiosperms giving one character of each famil y. 
. Define an animal. 


10. With examples name (i) the three kinds of symmetry and (ii) the three grades of 
organisation met within the Kingdom Animalia. 
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11. Explain the term triploblastic. of Life 
12. Name the major nonchordate phyla. Give one characteristic feature and one example 
of each. 


13. Give one major difference between 


(i) Cyclostomes and other fishes 
(ii) Chondrichthyes and Osteichthyes, Cite examples. 
14. Why are frogs included in the class Amphibia? 
15. Give two characteristic features of reptiles. Cite examples of five reptiles 
16. Give three features of birds which adapt them to aerial life and give two examples 
of flightless birds. 
17. Give three features of mammals and one difference between Prototheria, Metatheria 
and Eutheria. 
18. Name any five orders or Mammalia, Give one characteristic feature and one example 
of each. 


ANSWERS TO INTEXT QUESTIONS 


3.1 1. They complete their life cycle in water and land. 
2. Alternation of gametophytic phase with sporophytic. 
3. Antheridia and Archegonia 
4. Cool and humid place. 
3.2 1. Sporophytic 2.Sporophyte 3. They have vascular tissues 
4. Antheridia and Archegonia 5. Prothallus 
3.3 1. Naked seeds 2. Cycas and Pinus 3, Timber, resins 
3.4 1. Fabaceac, Poaceac. 2. 10, 6 
3. (i) Oryza sativa (ii) Cajanus cajan (iii) Aloe vera 
4. Ovary 
3.5 1. Cnidaria 2. Cetae 3. No 
4. “(i)3 (ii) 4 
5. Tube feet 6. Prawn, Nillipede or any other 
7. (i) Echinodermata (ii) Cnidaria 
(iii) Arthropoda (iv) Arthropoda 
(v) Annelida i (vi) Platyhelminthes 
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of Life 3.6 1. (i) Vertebrata (ii) agnatha (iii) Scoliodon 


2. Fndoskeleton bony in bony fishes and cartilaginous in cartilaginous fishes 


or 


5 to 7 pairs of gills in cartilaginous fish and 4 pairs in bony fishes. 
3. Labeo, Catla. 
4. 1. notochrod at some stage of life 

2. dorsal tubular nerve cord 


3. gills slits at some stage of life. 


3.7 1 Three 2. Icthyophis 
3. Can live in both, in water and on land. 
3.8 1. Turtle, sea snake 2. Chelonia 3. Three and four 
4. Syrinx 
3.9 1. ande (ii) and d (iii) anda (iv) andf 
(v) andb (vi) ande 
2. (i) Prototheria (ii) Metatheria (iii) Carnivora 
(iv) Cetacea (v) chiroptera 
3. Mammary ormilk glands 4. Kangaroo 
5. Mammalia 
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CELL - STRUCTURE AND FUNCTION 


INTRODUCTION 


All organisms are composed of structural and functional units of life called ‘cells’. 
The body of some organisms like bacteria, protozoans and some algae is made up 
of a single cell while the body of fungi, plants and animals are composed of many 
cells. Human body is built of about one trillion cells. 

Cells vary in size and structure as they are specialized to perform different functions. 
But the basic components of the cell are common to all cells. This lesson deals 
with the structure common to.all types of the cell. You will also learn about the 
kinds of cell division and the processes involved therein. in this lesson. 


M OBJECTIVES 
After completing this lesson, you will be able to : 

justify that cell is the basic structural and functional unit of all organisms; 
list the components of the cell and state cell theory; 

differentiate between prokaryotic and eukaryotic cells; 

differentiate between plant and animal cells; 


illustrate the structure of plant and animal cells by drawing labelled diagrams; 


describe the structure and functions of plasma membrane, cell wall, endoplasmic 
reticulum (ER), cilia, flagella, nucleus, ribosomes, mitochondria, chloroplasts, 


golgi body, peroxisome, glyoxysome and lysosome; 


è describe the general importance of the cell molecules-water, mineral ions, 


carbohydrates, lipids, amino acids, proteins, nucleotides, nucleic acids, enzymes, 


vitamins, hormones, steroids and alkaloids; 
è justify the need for cell division; 


© describe various phases of cell cycle; 


explain the term karyotype and mention the karyotype analysis and its 


Significance. 
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Cell- Structure and Function 


4.1 THE CELL AND CELL THEORY 


4.1.1 Landmarks in cell study 

Soon after Anton van Leewenhock invented the microscope, Robert Hooke in 1665 
observed a piece of cork under the microscope and found it to be made of small 
compartments which he called “cells” (Latin cell = small room). In 1672, 
Leewenhock observed bacteria, sperm and red blood corpuscles, all of which were 
cells. In 1831, Robert Brown, an Englishman observed that all cells had a centrally 
Positioned body which he termed the nucleus. 


4.1.2 The cell theory 


In 1838 M.J. Schleiden and Theodore Schwann formulated the “cell theory.” The 
cell theory maintains that 


@ all organisms are composed of cells. 
© cell is the structural and functional unit of life, and 
@ cells arise from pre-existing cells. 


The cells vary considerably, in shape and size (Fig.4.1). Nerve cells of animals have 
long extensions. They can be several feet in length. Muscle cells are elongated in 
shape. Egg of the ostrich is the largest cell (75 mm). Some plant cells have thick 
walls. There is also wide variation in the number of cells in different organisms. 


4.1.3 The Cell 


@ plasma membrane 
® cytoplasm 
@ DNA (naked in bacteria and covered by a membrane in all other organisms 


Two basic types of cells 


Cytologists recognize two basic types of cells (Fig. 4.1). Their differences have been 
tabulated below in table 4.1, Organisms which do not possess a well formed nucleus 


covered by a nuclear membrane. They are eukaryotes. 
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Nucleus not distinct, it is in the form 
of nuclear zone ‘nucleoid’. Nuclear 
membrane absent. 


Nucleus distinct, with well formed 
nuclear membrane. 


2. Single-membraned cell bodies like 
mesosomes present. Endoplasmic 
reticulum and Golgi body absent. 


2. Double-membraned cell organelles 
(Chloroplasts, mitochondria nucleus) 
and single membraned (Golgi apparatus, 
lysosomes vacuole endoplasm reticulum) 


are present 

3. Ribosomes - 80 S 
Distinct compartments in the cell 
i.e. the cytoplasm and the nucleus 


3. Ribosomes - 70 S 
4. No compartments. 


Fig. 4.1a Eukaryotic Cell Fig. 4.1b Prokaryotic Cell 
(As seen in an electron micrograph.) 


Svedberg unit 
When the cell is fractionated or broken down into its components by 
rotating in an ultracentrifuge at different speeds the ribosomes of eukaryotic 
and prokaryotic sediment (settle down) at different speeds. The coefficient 
of sedimentation is represented in Svedberg unit and depicted as S. 
The plant cell and the animal cell also differ in several respects as given in Table 
4.2 and shown in Fig. 4.2. 

Table: 4.2 Difference between plant cell and animal cell 
Animal cell 
. No cell wall: 


Plant cell 


1. Cellulose cell wall present around cell 
membrane. 


2. Generally vacuoles are absent and if 
present, are usually small.. 


3. Plastids absent. 
4. Golgi body well developed. 


2. Vacuoles are usually large. 


3. Plastids present. 
4. Golgi body present in the form of units 
known as dictyosomes. 


. Centrioie absent. . Centriole present. 


MODULE - 1 
Diversity and Evolution 
of Life 


Notes 


MODULE - 1 soi ee T é Cell — Structure and Function 


Diversity and Evolution 
of Life 


Starch ‘Cytoplagm 
| PP 5 
grannies Pinocyte Vacuole 
Plasma r PR 
membrane Golgi body Centriole 


N pog Ribosomes 

Nucleous X Nucleus 

Nuclear Endoplasmic Nucleous 
membrane reticulum 


Cytoplasm 
Mitochondrion 


Cellulose 
cell wall 


(a) (b) 


Fig. 4.2a Generalised plant cell Fig. 4.2b Generalised animal cell 


4.2 COMPONENTS OF THE CELL 


The major components of the cell are (1) cell membrane, (2) cytoplasm, and (3) 
nucleus. à ; 


4.2.1 Cell membrane (Plasma membrane) 


Each cell has a limiting boundary, the cell membrane, plasma membrane or 
plasmalemma. It is a living membrane, outermost in animal cells but next to cell 
wall in plant cells. 


It is flexible and can fold in (as in food vacuoles of Amoeba) or fold out (as in 
the formation of pseudopodia of Amoeba) 


The plasma membrane is made of proteins and lipids and several models were 
proposed regarding the arrangement of proteins and lipids. The fluid mosaic model 
proposed by Singer and Nicholson (1972) is widely accepted. It is represented in 
Fig 4.3. 


Cell — Structure and Function ae a MODULE - 1 
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According to the fluid mosaic model, of Life 
G) The plasma membrane is composed of a lipid bilayer of phospholipid 
molecules into which a variety of globular proteins are embedded. 


Gi) Each phospholipid molecule has two ends, an outer head hydrophilic i.e. water 
attracting, and the inner tail pointing centrally hydrophobic, i.e. water repelling | Notes 


Gii) The protein molecules are arranged in two different ways: 


(a) Peripheral proteins or extrinsic proteins: these proteins are present on the 
outer and inner surfaces of lipid bilayer. 


(b) Integral proteins or intrinsic proteins: These proteins penetrate lipid 
bilayer partially or wholly. 


Lipid bilayer 


Lipid molecule | 
Protein molecule on 


one side of the 


Protein molecule that traverses the 
membrane only 


Cholesterol membrane and is exposed 
at both surfaces 


rig. 4.5 ine uua mosaic Model OF Cell memorane. 


Functions 

(i) The plasma membrane encloses the cell contents. 

(ii) It provides cell shape (in animal cells) e.g. the characteristic shape of red blood 
cells, nerve cells, bone cells, etc 

(iii) It allows transport of certain substances into and out of the cell but not all 
substance, so it is termed selectively permeable. 

Transport of small molecules (such as glucose, amino acids, water, mineral ions 

etc). 

Small molecules can be transported across the plasma membrane by any one of 

the following three methods: 

(i) Diffusion : molecules of substances move from their region of higher 
concentration to their region of lower concentration. This does not require 
energy. Example : absorption of glucose in a cell. 


(ii) Osmosis : movement of water molecules from the region of their higher 
concentration to the region of their lower concentration through a semipermeable 


membrane. There is no expenditure of energy in osmosis- This kind of 
movement is along concentration gradient. 
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of Life (iii) Active Transport : When the direction of movement ofja certain molecules 


is opposite that of diffusion i.e, from region of their lower concentratio 
towards the region of their higher concentration, it would require an “acti 

effort” by the cell for which energy is needed. This energy is provided by A 

(adenosine triphosphate). The active transport may also be through a carrie 
molecule. 


Transport of large molecules (bulk transport) 
During bulk transport the membrane changes its form and shape. It occurs in twi | 
ways: ' 
(i) endocytosis (taking the substance in) t 
Gi) exocytosis (passing the substance out) d 
Endocytosis is of two types : 

Endocytosis 


Phagocytosis 


1 cheno OF cond particles 1. intake of fluid droplets 


2. membrane folds out going round the 2. membrane folds in and forms 
particle, forming a cavity and thus a cup like structure sucks in 
engulfing the particle (Fig. 4.4a) the droplets (Fig. 4.4b) 


* Cell surface membrane An invagination (pocket) in 
membrane fills with fluid 


i 


Tsg 


«4—0 
Labelled vesicles pass to 
various parts of cell 
i according to the nature of 
(a) their contents (b) 
Vesicle contains cell products Membrane closes round droplet, 
forming vesicle l 


Fig. 4.4 Diagrammatic representation of (a) phagocytosis; (b) pinocytosis 


no 
Cell membrane regulates movement of substance into and out of the cell. If a e 
cell membrane. fails to function normally the cell dies. 


T Cell wall 
‘In bacteria and plant cells the outermost cell cover, present outside the. plasma 
membrane is the cell wall about which we shall study now. 
Bacterial cell wall is made of peptidoglycan. Given below is the structure ana 
function of the plant cell wall: 


82 BIO: 


Cell — Structure and Function 


(a) Structure 


Outermost non-living, layer present in all plant cells. 

Secreted by the cell itself. 

In plant, made of cellulose but may also contain other chemical substance such 
as pectin and lignin. 

The substance constituting the cell is not simply homogenous but it consists 
of fine threads or fibres called microfibrils. 


It may be thin (1 micron) and transparent as in the cells of onion peel. In some 
cases it is very thick as in the cells of wood. 


(b) Functions 


The cell wall protects the delicate inner parts of the cell. 

Being rigid, it gives shape to the cell. 

Being rigid, it does not allow distension of the cell, thus leading to turgidity 
of the cell that is useful in many ways 

It freely allows the passage of water and other chemicals into and out of the 
cells 

There are breaks in the primary wall of the adjacent cells through which 
cytoplasm of one cell remains connected with the other. These cytoplasmic 
strands which connect one cell to the other one are known as plasmodesmata. 
Walls of two adjacent cells are firmly joined by a cementing material called 
middle lamella made of calcium pectate. 


Ql eee 


1 


Define diffusion and osmosis- 


Match the following : 


G) hydrophilic end (a) cell wall 

(ii) microfibrils (b) inner ends of lipids 
Gii) fluid-mosaic model (c) fluid droplets 
(iv) hydrophobic end (d) outer ends of lipids 
(v) pinocytosis (e) Nicolson and Singer 


. Give two functions of the plant cell wall. 


ET ee (a ee: poieni mhallas 


Notes 
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4.3 THE CYTOPLASM AND THE CELL ORGANELLES 
The cytoplasm contains many cell organelles of which we shall learn about : 


1. those that trap and release energy e.g. mitochondria and chloroplasts; 


2. those that are secretory or involved in synthesis and transport e.g. Golgi, 
ribosomes and endoplasmic reticulum 


3. the organelles for motilily - cilia and flagella 

4. the suicidal bags i.e. lysosomes 

5. the nucleus which controls all activities of the cell, and carries the hereditary 
material 

4.3.1 Mitochondria and chloroplast - the energy transformers 

Mitochondria (found in plant and animal cells) are the energy releasers and the ~ 

chloroplasts (found only in green plant cells) are the energy trappers. 

Mitochondria (Singular = mitochondrion) 


Appear as tiny thread like structure under light microscope. Approximately 0.5 - 
1.00 um (micrometer) 


Number usually a few hundred to a few thousand per cell (smallest number is just 
| one as in an alga (Micromonas)). 


- Structure: The general plan of the internal structure of a mitochondria observed 
yey means of electron microscope is shown in Fig. 4.5. Note the following parts. 


Ribosome Ring of DNA 


Inner membrane 


Cristae 


Outer membrane 


Site of enzymes that above NH, group 
from some amino acids 


Strand of DNA 


| Fig. 4.5 structure of a mitochondron 
[- Wall made of double membrane 


— The inner membrane is folded inside to form projections called cristae which 
project into the inner compartment called matrix. 


Í Function : Oxidises pyruvic acid (breakdown product of glucose) to release energy 


which gets stored in the from of ATP for ready use. This process is also called 
cellular respiration. 


BIOLOGY 
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A highly simplified flow-chart of the fate of glucose to in the release energy is 
shown below : 


Plastids 
Plastids are found only ina plant cell. They may be colourless or with colour. Based 
on this fact, there are three types of plastids. 


4.3.2 Chloroplast 


Note the following parts : 
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In mitochondria 
Oxidised into 


In cytoplasm. 
glucose enters 
cells (containing 
6 atoms of 
carbon) 


Broken into two 
Pyruvic acid 
molecules 
(containing 3 
atoms of carbon) 


Notes 


CO, H,O and 
ATP 


(i) Leucoplast-white or colourless 
(ii) Chromoplast — blue, red, yellow etc. 


(iii) Chloroplast — green 


Found in all green plant cells in the cytoplasm. 
Number 1 to 1008 
Shape: Usually disc-shaped or spherical as in most plants around you. In some 
ribbon - shaped as in an alga spirogyra or Cup - shaped as in another alga 
Chlamydomonas. 
Structure: the general plan of the structure of a single chloroplast is shown in 
Fig. 4.6. 
Stroma is the site 
for dark reactions 
Outer membrane 
Inner membrane 
Granum is the site 
of light reaction One granum, there are 
40-60 grana per 
eal. chloroplast 
Number of thylakoids per granum may Granum, made of disc shaped 
vary from 2-100 membranous sacs called thylakoids. 


Fig. 4.6 Structure of a single chloroplast 


Wall made of double membrane i.e. outer membrane and inner membrane 
numerous stack-like (piles) groups or grana (singular = granum) are 
interconnected by lamellae. 

Sac like structures called thylakoids Placed one above the other constitut 
granum. 
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@ Function: chloroplasts are the seat of photosynthesis (production of sugar, from 
carbondioxide and water in the presence of sunlight). 


Chloroplast versus mitochondria 


Can you now visualize how these two organelles are opposite to each other, one 
traps the solar energy locking it in a complex molecule (by photosynthesis), the 
other releases the energy by breaking the complex molecule (by respiration). 


Similarities between mitochondria and chloroplasts : both contain their own 
DNA (the genetic material) as well as their own RNA (for protein synthesis). Thus, — 
they can self duplicate to produce more of their own kind without the help of 
nucleus. 


Since chloroplasts and mitochondria contain their own DNA the hereditary 
molecule and also their own ribosomes, they are termed semi-autonomous only 


because they are incapable of independent existence though they have ribosomes 
and DNA. 
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4.3.3 Endoplasmic reticulum (ER), golgi body and ribosomes of Life 
Endoplasmic reticulum (ER) and Golgi body are single membrane bound structures. Ze 
The membrane has the same structure (lipid-protein) as the plasma membrane but 
ribosomes do not have membranes Ribosomes are involved in synthesis. of \ 
substances in the cell, Golgi bodies in secreting and the ER in transporting and es 
storing the products. These three organelles operate together. Notes 


Fig. 4.7 and Fig. 4.8 show the diagram of ER and Golgi body under an electron 

microscope. Note the ribosomes present in ER. 

Cisternae Satay) SSE Rough endoplasmic 
4 reticulum 


Ribosome 


Smooth Endoplasmic 
reticulum 


Fig. 4.7 Golgi body Fig. 4.8 Endoplasmic reticulum 


Gogli body 


Is a stack of membranous sacs 


Endoplasmic reticulum (ER) Ribosomes 
Structure 
Spherical about 150 - 250 
A in diameter, made up of 
large molecules of RNA 
and proteins (ribonucleo 
proteins) 


A network of membranes with thickness 
between 50 - 60A°. It is of two types—| of the same thickness as ER. 
rough endoplasmic reticulum (RER)| Exhibit great diversity in size 
i.e. when ribosomes are attached to it and shape. 

and Smooth-endo-plasmic reticulum 
(SER) when no ribosomes are present. 


Throughout the cytoplasm and is in| In animal cells present around 
contact with the cell membrane as well | the nucleus, 3 to 7 in number. 
as the nuclear membrane. In plant cells, many and present 
scattered throughout the cell, 


called dictyosomes. 


Present either as free 
particles in cytoplasm or 
attached to ER. Also found, 
stored in nucleolus inside 
the nucleus. 80S types 
found in eukaryotes and 
70S in prokaryotes (S- 
svedberg unit of measuring 
ribosomes). 


Site for protein synthesis. 


Function 


Provides internal framework,|Synthesis and secretion as 
compartment and reaction surfaces,|enzymes. participates in 
transports enzymes and other materials transformation of membranes 
through out the cell. RER is the site for | to give rise to other membrane 
protein synthesis and SER for steroid | structure such as lysosome, 


S i ictyosomes, 
synthesis, stores carbohydrates. acrosome, and dic 5 
: X synthesize wall element like 


pectin, mucilage. ‘ 
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1. Given below is a list of functions, relate them to their respective organelles: 


aay, Notes (AESYMIMESIS (OL SOME COZYIMES® nar. .n-lesecessssserpdnccessvastcs 
HE ESVENDESISTOL SLCTOIUS PL symevicsovnsessacnumnecnoeteeregatatne= 
(c) storage of carbohydrates: i eoira aioi 
KOMI GrACeIIAN tansport i sastessenstvsazeassptdennpeeparuvoter 
(MP SYMMNESIS Of PFOLeINS miei ete oot IR o teeebestver serch 


Name the equivalent structure of Golgi body in plants. Mention two differences 
between their structures. 


SD 


Gre antec E. T RAAR UD enie e A A EE vss eb. S 


5. Name the membrane system that connects the nuclear membrane with the cell 
membrane? 


4.3.4 The microbodies (tiny but important) 

These are small sac-like structures bounded by their membranes. These are of 
different kinds of which we will take up three like lysosom s, peroxisomes and 
glyoxysomes. 


1. Lysosomes (lysis = breaking down; soma = body) 
Lysosomes are present in almost all animal cells and some non - green plant cells 
(Fig 4.9). They perform intracellular digestion. 


Phagocytosis (the taking inof solid 


Discharge of debris Discharge vacuole 
ahve $ 
material at the cell membrane) 


“Fusion of phagocytic 

vesicle with a lysos: ne 

__ Lysosome containing hydrolytic 
~ (digestive) enzymes 


Defunct organelle. 
(¢.£- mitochondrion) 


Golgi apparatus 


So 


i Fig. 4.9 Lysosomes 
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Some main features of lysosomes are as follows : 

(i) Membranous sacs budded off from golgi body. 

(ii) May be in hundreds in single cell. 

(iii) Contain several enzymes (about 40 in number) 

(iv) Materials to be acted upon by enzymes enter the lysosomes. 


(v) Lysosomes are called “suicidal bags” as enzymes contained in them can digest 
the cell’s own material when damaged or dead. 


Importance of intracellular digestion by the lysosomes 

(i) help in nutrition of the cell by digesting food, as they are rich in various 
enzymes which enable them to digest almost all major chemical constituents 
of the living cell. 

(ii) Help in defence by digesting germs, as in white blood cells. 

(iii) Help in cleaning up the cell by digesting damaged material of the cell. 

(iv) Provide energy during cell starvation by digestion of the cells own parts 
(autophagic, auto : self; phagos: eat up). 

(v) Help sperm cells in entering the egg by breaking through (digesting) the egg 
membrane. 

(vi) In plant cells, mature xylem cells lose all cellular contents by lysosome activity. 

(vii) When cells are old, diseased or injured, lysosomes attack their cell organelles 
and digest them. In other words lysosomes are autophagic, i.e. self devouring. 


2. Peroxisomes 

Found both in plant and animal cells. Found in the green leaves of higher plants. 
They participate in oxidation of substrates resulting in the formation of hydrogen 
peroxide. 


© Thet often contain a central core of crystalline material called nucleoid 
composed of urate oxidase crystals. 

© These bodies are mostly spherical or ovoid and about the size of mitochondria 

and lysosomes. 

They are usually closely associated with E.R. 

They are involved in with photorespiration in plant cells. 


They bring about fat metabolism iri cells. 


3. Glyoxysomes 

e The microbodies present in plant cells and morphologically similar to 

peroxisomes. 

Found in the cell of yeast and certain fungi and oil rich seeds in plants. 

e Functionally they contain enzyme of fatty acid metabolism involved in the 
conversion of lipids to carbohydrates during germination. 
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4.3.5 Cilia and flagella (the organelles for mobility) 
(i) Some unicellular organisms like Paramecium and Euglena swim in water with 
the help of cilia and flagella respectively. 


(ii) In multicellular organism some living tissues (epithelial tissues) have cilia. 
They beat and create a current in the fluid in order to move ina given direction 
e.g. in the wind pipe (trachea) to push out the mucus and dust particles. 

(iii) Cilia beat like tiny oars or pedals (as in a boat) and flagella bring about whip 
— like lashing movement. 

(iv) Both are made up of contractile protein tubulin in the form of microtubules. 

(v) The arrangement of the microtubules in termed 9 + 2, that is, two central 
microtubules and nine set surrounding them. 

Cilia 

shorter (5 to 10 um) 


Flagella 


longer (15 um) 


Several 100 per cell structure : protoplasmic usually | or 2 in most cells 


projection and membrane bound 


consist of 9 sets of peripheral microtubules and 
1 set of tubules in the centre 


same as in cilia 


Centriole 


It is present in all animal cells (but not in Amoeba), located just outside the nucleus. 
It is cylindrical, 0.5 um in length and without a membrane, It has 9 sets of peripheral 
tubules but none in the centre. Each set has three tubules arranged at definite angles 
(Fig. 4.10). It has its own DNA and RNA and therefore it is self duplicating. 
Function : Centrioles are involved in celt division. They give orientation to the 
‘mitotic spindle’ which forms during cell division 


ies Peripheral tubules 
ae 
3 


Fig. 4.10 Centriole 
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Basal bodies f 

These are structures similar to centrioles. They have the same nine sets of triplet 
organization, as in the centrioles. The cilia and flagella appear to arise from the 
basal bodies. 

4.4 NUCLEUS (THE HEREDITARY ORGANELLE) 
General structure of nucleus : 


(i) Itis the largest organelle seen clearly when the cell is not dividing. 
(ii) It stains deeply, is mostly spherical, WBC have lobed nuclei. 


(iii) It is mostly one in each cell (uninucleate, some cells have many nuclei; 
(multinucleate). 


(v) Double layered nuclear membrane enclosing nucleoplasm which contains 
chromatin network and a nucleolus. 


Functions 

® Maintains the cell in a working order. 
è Co-ordinates the activities of organelles. 
@ Takes care of repair work. 


© Participates directly in cell division to produce genetically identical daughter 
cells, this division is called mitosis. 

® Participates in production of gametes thfough another type of cell division 
called meiosis. / 


The part of a nucleus are given here : 


4.4.1 Nuclear membrane 
® Double layered membrane is interrupted by large number of pores. 


© Membrane is made up of lipids and proteins (like plasma membrane) and has 
ribosomes attached on the outer membrane which make the outer membrane 
rough. 


© The pores allow the transport of large molecules in and out of nucleus, and the 
membranes keep the hereditary material in contact with the rest of the cell. 


4.4.2 Chromatin 

® Within the nuclear membrane there is jelly like substance (karyolymph or 
nucleoplasm) rich in proteins. 

© Inthe karyolymph, fibrillar structures form a network called chromatin fibrils, 
which gets condensed to form distinct bodies called chromosomes during cell 
division. On staining the chromosomes, two regions can be identified in the 
chromatin material heterochromatin dark and autromaticn (light). 
Heterochromatin has less DNA and genetically less active than euchromatin 
which has more DNA and genetically more active. 
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of Life @ Number of chromosomes is fixed in an organism. During cell division chromosomes 
divide in a manner that the daughter cells receive identical amounts of hereditary 
matter. 


4.4.3 nucleolus 
Notes fe Membraneless, spheroidal bodies present in all eukaryotic cells except in sperms and 
in some algae. 


@ Their number varies from one to few, they stain uniformly and deeply. 
è Ithas DNA, RNA and proteins. 


@ Store house for RNA and proteins; it disappears during cell division and reappears 
in daughter cells. 


@ Regulates the synthetic activity of the nucleus. 


@ Thus nucleus and cytoplasm are interdependent, and this process is equal to nucleo- 
cytopalsmic interaction. 


INTEXT QUESTIONS 4.6 


Í 1. Why cannot the cell survive without the nucleus? 


2. Explain the following terms: 
(a) chromatin network 


(b) chromosomes 


nucleic acid and fats. These are aptly termed biomolecules. Inorganic molecules such as 
water and minerals are also present in the cell. 


@ Water with unique physical and chemical properties has made life possible on earth. 


| The cell and its organelles are made of organic chemicals such as proteins, carbohydrates, 
It is a major constituent of protoplasm. 


fe Itis a medium in which many metabolic reactions occur. 
@ Itis universal solvent in which most substances remain dissolved. 


@ Itis responsible for turgidity of cells. 
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B. Elements necessary for life of Life 
Functions 
Hydrogen, Carbon, Oxygen, Nitrogen, Required for organic compounds of á 
Calcium, Potassium, Sodium, Magnesium, the cell and present as major p 
Phosphorous, Sulphur, Chlorine, Iron, constituents. Ca in plant cell wall, C, 
Boron, Silicon, Manganese, Copper, H, O, N as organic compounds) Notes 


Zinc, Cobalt, Molybdenum, Silicon 
2. Act as major cations (Na, K) and anions 
(CI) in most physiological process. 


3. As cofactor of enzymes participate in most 
of the biochemical reaction of a cell (Fe, 
Cu, Mo, Zn, B) 


4. Involved in energy transfer reactions 
(P in ATP). 


5. Green pigment chlorophyll in plants have 
magnesium in the centre. 


C. Biomolecules 
(i) Carbohydrate 


Structure Functions 


1. Composed of C, H and O 1. Most abundant organic substance present 
in nature in the form of cellulose in plant 


cell wall. 


aa, 


ie 


2. In both plants and animals it is used as a 
source of energy (sugar). 


2. Simple six carbon sugar (glucose) 
is called a monosaccharide. 


3. An important storage form in plants is 
starch and in animals it is glycogen. 


3. Two molecules or units join 
together to form disaccharide 


(sucrose). 
4. More than ten units of 4. Present in nucleic acids as five carbon 
monosaccharides join in a chain to surgar (Ribose). 


form a polysaccharide e.g. starch 
and cellulose. 


(ii) Amino acid 

1. Basic amino acid structure shows 1, Plants have the ability to utilize inorganic 
that the central carbon atom is nitrogen and synthesize amino acid. 
attached with an amino group 
(-NH,), a carboxylic acid group 
(-COOH), one hydrogen and one 
side group (R). 


2. There are 20 different side groups 2. In animals principal source of amino acid 
which give 20 different amino acids. is the plant or animals that it consumes 
in its diet (pulses are rich in protein). 
(iii) Proteins 


1. Composed of C, H, O and N. 1. Structurally proteins form integral part 
of the membranes 
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Amino acids join together by 
“peptide” bonds to form protein 
moelcules. 


3. Twenty different amino acids make 
numerous simple and complex 
proteins. 


4. Based on the complexity of 
structure they can have primary, 
secondary, tertiary and quaternary 
structures. 


5. When proteins exist with other 
molecules they are known as 
conjugated proteins e.g. glycoprotein, 
lipoprotein, chromoprotein etc. 


(iv) Nucleic Acids 


1. They are of two types : Deoxyribose 
nucleic acid (DNA) and Ribosose 
nucleic acid (RNA) 


2. They are long chain polymers 
composed of units called nucleotides. 


3. Each nucleotide has pentose sugar, 
nitrogen base and phosphate group. 


4. DNA has one oxygen less in its sugar 
molecule. 


(v) Lipids 


1. Composed of C, H, O. Amount of 
oxygen is very less. 


2. They are synthesized from fatty acids 
and glycerol. Simple lipids are called 
glycerides. 

3. Fats can be saturated or unsaturated, 


4. Fats are solid at room temperature, 
those that remain liquid at room 
temperature are called oils. 


(vi) Vitamins 


1. Vitamins are organic compounds 
required in the diet of animals for 
their healthy growth. 


2. Vitamins are classified according to 


their solubility into two groups : 
Water soluble vitamin B and ascorbic 
acid and fat soluble vitamins (viz. A, 
D, E, K) 
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Functionally in the form of enzymes they 
play a vital role in metabolic reactions. 


Synthesis of DNA is regulated by 
protein. 


Proteins are so important that nucleic 
acids directly regulates protein synthesis 


DNA is the main genetic material for 
almost all organisms except certain viruses. 


RNA molecules are involyed in information 
transfer and protein synthesis. 


Due to their low oxygen content, they 
Store and release more energy during 
oxidation 


A molecule of fat can yield twice as much 
energy as from carbohydrate. 


Phospholipids are important component 
of cell membranes. 


Vitamins (from plant) are essential nutrients 
in animals diet as animals can not synthesise 
such compounds. à 


Their deficiency cause various diseases in 
animal, like deficiency of vitamin B causes 
“beri-beri” and that of vitamin C 

causes scuryy. 
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3. Plants have the ability to synthesize 
vitamines from CO, NH, and H,S. 


(vii) Hormones 

1. Hormones are specific organic 
substances effective in low concen- 
trations, synthesized by cells in one 
part of the organism and then 
transported to another part of the 
organism, where it produces 


characteristic physiological responses. 


(viii) Alkaloids 


1. Alkaloids are complex organic 
compounds made of C, H, O 
and N. 


N 


Alkaloid in plants are produced 
from amino acids. 


(ix) Steroids 


1. These are fat soluble lipid 
compounds synthesized from 
cholesterol. 


2. They are produced by the 
reproductive organs like ovaries, 
testes and placenta and also by 
adrenal glands. 


3. They include testosterone, estrogen, 
cortisol etc. 


N 
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Vitamin A present in carotene pigment of of Life 
carrot. Vitamin D can be produced by man 
with the help of sunlight. Vitamin K 
produced by bacteria in human intestine. 
Notes 


In animals hormones are produced in glands 
called endocrine glands which control all 
the biochemical activities: of the organism 
In animals hormones may be proteins, 
peptides or steroids. 

In plants hormones (growth regulators) 

are generally produced in metabolically 
active cells and control the vegetitive and 
reproductive growth of the entire plant. 


The active principles of drugs from 
medicinal plants are generally 
alkaloids e.g. Quinine from cinehona 
plant. Ephedrine from Ephedra 
Morphine from poppy plants 


MODULE - 1 : ee ~ Cell — Structure and Function 
Diversity and Evolution l 
of Life 2. What is the basic molecule in starch? 


4.7 CELL DIVISION 


A single cell divides many times and forms a multicelled organism. Unicellular bacteria 
and protozoa divide and increase in number. Injured tissues are replaced by new cells 
through cell division. Thus cell division is one of the most important activities in all 
organisms. In this lesson you will study about the two kinds of cell division and the 
processes involved in them. 


Majority of cells in a multicellular organism grow and then can divide. But cells like the 
nerve and muscle cells of animals and guard cells of plants do not divide. 
The process of cell division is almost same in all organisms. A cell passes through phases 


of growth after which are able to duplicate their chromosomes before they divide. These 
phases in the life of a cell constitute the cell cycle. 


4.7.1 The cell cycle 

You can use the term mother or parent cell for the cell that undergoes division and the 
daughter cells for the ones that are the result of this division. Before each daughter cell 
undergoes division, it must grow to the same size as its mother cell. We can distinguish 
two main phases in the life of a cell. 

G) Interphase - Non-dividing period (Growth phase) 

(ii) Dividing phase - Also called M-phase (M for mitosis) 

(i) Interphase - (Inter = in between) 


The interval between two successive cell divisions is termed interphase (phase at 
which the cell is not dividing). It is the longest period in the cell cycle (Fig.4.11). 
The interphase is subdivided into three main periods - G}, S and Gp. 


G, (Gap-1 ) Phase i.e. First phase of growth — This is the longest phase. Lot 
of protein and RNA are synthesised during this phase. 


S or synthetic Phase - It comes next. Lot of DNA is (synthesised). A 
chromosome contains a single double helical strand of DNA molecule. After 
S-phase each chromosomes has two molecules of DNA. Thus each chromatid 
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containing one molecule of DNA. The two chromatids are joined by the centromere f of Life 
to form a single chromosome. 


© © 


Q 


Interphase 


Fig. 4.11 The cell cycle consists of various stages (G4, S, G, and M) 


G, (GAP 2) phase - More protein is synthesised in this phase. Cytoplasmic 
organelles such as mitochondria, golgi bodies get duplicated. Centriole also 
divides into two centrioles contained in a single centrosome. 


Gi) M-phase or dividing phase - Represented by the symbol M (Mitosis or 
meiosis) (Fig. 4.11). Mitosis occurs so that during this period the chromatids 
separate and form daughter chromosomes. The daughter chromosomes go to 
daughter nuclei and cytoplasm divides forming two identical daughter cells. 


Qla 


1. Explain in one sentence 
G) Interphase .....sssessccssessecsecessseessressscessssessecnsnssencccanecenganasecsnvsssccsssasseressseassces 
Gi) Synthetic-phase .......ccssseecccssssesssssesessssesnecsnnnusscennetencanessessesesscesnesssseeeannenes 
(iii) Dividing-phase 


2. What is the full form of the following in the cell cycle? 


(iv) M-Phase 
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of Life 4.7.2 Kinds of cell division 
There are two kinds of cell division- mitosis and meiosis. 


1. Mitosis : Cell division for growth and replacement wherein the two daugher 
cells are identical and similar to mother cell in all respects. 


2. Meiosis : It occurs in the gonads for sexual reproduction to produce gametes. 
The resultant cells, egg (in female) and sperms (in male), possess half the 
chromosome number of the parent cell. 


1. Mitosis (mitos = thread) Mitosis is divided into 4 phases or stages termed as 
(i) Prophase (ii) Metaphase 
(iii) Anaphase (iv) Telophase 


These phase refer to the changes taking place in the nucleus (Fig. 4.12). 


Prophase Two Chromosomes 


; Centrioles 
*S J Prophase 


Centromere 
chromatids 


PA 

Ty 

g 

3 
$ 


Equator 
Metaphase =; 
: Chromatids 
Anaphase oe) 
r O 


Chromosomes Cell membrane constricts 
Telophase -and nuclear 


membrane reform 


Fig. 4.12 Stages of Mitosis in an animal cell (presuming there is just one 
pair of chromosome in groups). 


The nucleus divides first and then the whole cell divides. Division of one 
nucleus to give two daughter nuclei (karyokinesis). Division of cytoplasm 
to give two daughter cells (cytokinesis). 
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Prophase : It shows three subphases : of Life 


Py Easly-prophess Microtubules 


(a) Centrioles start moving towards opposite of spindle 


poles of the Nucleolus cell. Duplicated 


centrioles > ———_ — 
(b) Chromosomes appear as long threads. Notes 
(c) nucleus become less distinct (Fig. 4.13a) Replicated 
chromosome made 


(ii) Middle prophase of two chromatids 


(a) Chromosomes conden-sation is complete 


Nucleolus 
(b) Each chromosome is made up of two 
chromatids held togeilier at their Fig. 4.13a Prophase 
centromeres. 


(c) Each chromatid contains newly replicated 
daughter DNA. molecule. Onechrornosome made Equator 

of two chromatids 
joined near their 


(a) Centrioles reach the pole. centromeres 
(b) Some spindle fibres extend from pole to the 
equator of die cell. 


(iii) Late Prophase 
Pair of centrioles , 


Microtubule for 


(c) Nuclear membrane disappear  Chromatids joined to 
part of the spindle 


spindle microtubules 


(d) Nucleolus is not visible. Si dieif! centona 
Metaphase 


(a) chromosomes move, towards the equator of the Fig. 4.13b Metaphase 


cell. Sister chromatids being 
pulled to opposite poles 


(b) Each chromosome becomes attached to the spindle 
fibre by centromere. 


(c) The sister chromatids are not yet separated. (Fig. 
4.13b) 
Microtubules of the spindle 


Anaphase pulling the centromeres of 
(a) Centromeres divide the chromatids 


s Fig. 4.13¢ Anaphase 

(b) Two daughter chromatids separate E 

(c) Each chromatid now contains a centromere and 
is now termed a chromosome. 


(d) Half the number of now chromosomes (daugher chromatids) move toward one 
pole and the other half to the other pole. 


(e) Cytokinesis begins as the cleavage furrow starts in animal cells. 
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Telophase 
(a) Chromosomes begin to form a chromatin 
network as in a nucleus. 


New nuclear membrane is formed around 
each daughter nucleus 


(b) 


(c) Nucleolus becomes visible again. 
Cytokinesis 

It is the process of the division of cytoplasm 
into two. It is initiated in the beginning of 
telophase and is completed by the end of 
telophase. The cytokinesis is different in 
plant cell and animal cell. In an animal cell, 
invagination of plasma membrane proceeds 
from the periphery of the cell towards the 
interior. In plant cell phragmoplast (cell plate) 
begins to form in the centre of cell and then 
expands towards the periphery (Fig. 4.13e). 
Siginificance of Mitosis 

It is an equational division, and the two 
daughter cells are identical in all respects. 
They receive the same number and kind of 
chromosomes as were in the mother cells. 
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Fig. 4.13d Telophase 


Cellulose cell wall 
Cell membrane 


Nucleus 

Cytoplasm 
Position of cell _— 
plate (formerly the 
equator of the 
spindle) 


Line of vesicles; 
these coalesce to 
give rise to new wall 
and membranes 


Fig. 4.13e Cytokinesis 


e It is the only mode of reproduction in unicellular organisms. 


@ Itis the process by which growth takes place in animals and plants by constantly 


adding more and more cells. 


@ Italso plays a role in repair by growth, example in wound healing, regeneration 
of damaged parts (as in the tail of lizard), and replacement of cells lost during 
normal wear and tear (as the surface cells of the skin or the red blood cells). 


Mitosis (Limited or unlimited) 


Growth by mitosis occurs in a limited or controlled manner to the extent it 16 
required in the body. But at times due to some special causes it may continue © 


unlimited situation which may cause Cancer. 


In plant tissue culture, a cell from a plant can be grown in a nutrient medium, wher 
it divides repeatedly by mitosis to give an undifferentiated cell mass called callus 
which differentiates into a plant. In animals, stem cell culture is also based on thé 


ability of a cell to divide. 
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1. Name the stage of cell cycle during which chromatin material is duplicated. 
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Notes 


2. Is the number of chromosomes reduced in the daughter cells during mitosis? 
yes/no? 


3, Name the stage in nuclear division described by each of the following sentences: 
(i) disappearance of the nuclear membrane 


(ii) The nuclear membrane and nucleolus reappear 


(iii) The centromere divides and the chromatids move to opposite poles due 


(iv) The chromosomes arrange themselves at the equatorial plane of the 


2. Meiosis (GK meioun = make smaller, sis = action) 
This division is also known as ‘reduction division’. But why this name? This 
is because, in this kind of cell division the normal chromosome number of 
the mother cell is reduced to half in daughter cells. The normal chromosome 
number in human being is 46 (23 pairs), but as a result of meiosis this number 
is halved to 23 in daughter cells. f 
Where does it occur? It occurs in reproductive cells, e.g. in the testes of male 
and in the ovaries of female animals; in the pollen mother cell of the anthers 
(male organs) and in the megaspore mother cells of the ovary (female organ) 
of the flowers. 
Why does it occur? In meiosis the chromosome number is reduced to half so 
that when doubled at fertilisation (zygote formation) during reproduction it once 
again becomes full or normal. 

© The number of chromosomes remains constant in a species generation 
after generation. 

e Cells divide mitotically in the organisms that reproduce vegetatively/ 
asexually. Thus, there is no change in the number of chromosomes, but 
sexually reproducing organisms form gametes such as sperms in males 
and ova in females. The male and female gametes fuse to form zygote 
which develops into a new individual. . 

e Ifthese gametes were, produced by mitosis, the offspring developing from 
zygote then would have double the number of chromosomes in the next 
generation. 
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of Life @ Every living organism has a definite number of chromosomes in its 
e.g. onion cell-16; potato-48; horse-64; man-46. Therefore to 
chromosome number constant the reproductive cells of the parents (o1 
and testis in animals, and pollen mother cells and cells of ovary in plants) 
through meiosis. 


Spindle cell y 
equator Complete cell wall 
separating EV, 


daughter cell 


Fig. 4.14 : Cell wall formation after mitosis in a plant cell 


How does meiosis occur? 
Meiosis is characterized by two successive divisions of the nucleus (meiosis I 
and cytoplasm, while the chromosomes divide only once. The phases of meiotic di 
are given in the flow chart drawn here. 


— Theinterphase which precedes the onset of meiosis is similar to the interphase whi 
precedes mitosis. At S-phase, the DNA molecule of each chromosome duplici A 


Meiosis 
Meiosis I Meiosis II 


ProphaseI Metaphase I Anaphase I Telophase I 


Prophase II Metaphase II Anaphase II Telophase Il_ 
ug 


Leptotene Zygotene- Pachytene Diplotene _ Diakineses 

— Meiosis-I and meiosis-Il are continuous and have sub-stages. 
Meiosis-I g 

Like mitosis, meiosis also consists of four stages; prophase, metaphase, anaphase 
telophase. 
Prophase-I 
The prophase of meiosis-1 is much longer as compared to the prophase of mitosis: 
© Itis further sub-dividied into the following five sub-stages : 
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(i) Leptotene (GK ‘leptos’ - thin; ‘tene - thread) (Fig. of Life 

4.15a) 


Nuclear membrane 

GEL 

© Thechromosomes become distinct and appear 
as long and thin threads due to condensation 


and thickening of chromosomes. Notes 


© Each chromosome consist of two chromatids 
held together by a centromere but these are 
not easily visible. 


Chromosome 


Fig. 4.15a Leptotene 
(ii) Zygotene (GK. ‘Zygos’-pairing) (Fig. 4.15b) Chromosome (Bivalent) 


e Similar or homologus chromosomes start 
pairing from one end. This pairing is known 
as synapsis 


e Each pair of homologous chromosomes is 
called a bivalent. 


Centromere 
(iii) Pachytene (GK. ‘pachus’ - thick) : (Fig. 4.15c) Fig. 4.15b Zygotene 


@ Thechromosome become shorter and thicker 
due to contraction. 


e Each paired unit called a bivalent consists 
of four chromatids (hence bivalents are also 
known as tetrads. 


e Crossing-over occurs at the end of pachytene 
ie. break and exchange of parts (genes) 
occurs between non-sister chromatid 


E Fig. 4.15¢ Pachytene 
(chromatids of a homologous pair) 


The point of interchange and rejoining 
appears X-shaped and is known as chiasma 
or points of crossing over. 


\ Diplotene (‘Diplous’-double) (Fig. 4.15d) 


@ The homologous chromosomes begin to 
separate. 


e The two non-sister thromatids of a 
homologous pair remain, attached at one or 
two points, the chiasmata. 


Fig. 4.15d Diplotene 
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of Life e Itis atthe chiasmata that exchange of segments 
of chromatids (genes) between homologous 
chromosomes has taken place. The proces of 
gene exchange is known as genetic 
recombination. 


Notes 
(v) Diakinesis (GK dia = through, in different directions, 
kinesis = motion) (Fig. 4.15e) Homologous 
chromosomes 


@ The homologous chromosomes of a bivalent separating 


move apart from each other. Fig. 4.15 Diakinesis 

e@ Nuclear membrane and nucleolus disappear. 
Bivalents at 

@ Spindle formation is completed. equator œ~ 


(vi) Metaphase-I (Fig. 4.15f) 


@ The bivalents arrange themselves at the 


equator. 
@ The spindle fibres are attached at the Fig. 4.15f Metaphase ` 
centromere of the chromosomes. Homologous chromosome 


(vii) Anaphase-I (Fig. 4.15g) 
e The spindle fibres shorten. 


e The centromeres of homologous 
chromosomes are pulled along by the spindle 
fibres towards the opposite poles (no division 
of centromere) 


Fig. 4.15g Anaphase 
e Thus, half of the chromosome (each with 


two chromatids) of the parent cell go to one | 
pole and the remaining half to the opposite | 
pole. i 


© Each set of chromosomes that moves to one 
pole consists of a mixture of paternal and 
maternal chromosome parts (new gene - 
combination). 


(viii) Telophase-I (Fig. 4.15h) 


Fig. 4.15h Telophase 


@ The separated chromosomes form nuclei. 
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e The daughter nuclei have half the number of the parent nucleus. The full § of Life 
set of chromosomes of a cell has paired chromosomes or a diploid set 
(2n). 


e The daughter cells are now called haploid (n) or having 1 set of 
chromosomes 


e The nucleous reappears and nuclear membrane forms 

e The daughter nuclei begin the second meiotic division., 
Second Meiotic Division has the same four stages; , 
(i)  Prophase Il (ii) Metaphase II 
(iii) Anaphase II (iv) Telophase I 7 ay 
G) Prophase I (Fig. 4.15i) j ż 


e The chromosomes shorten and reappear. 
The two chromatids are attached to the 
single centromere. 


Chromosome 


ý ) Fig. 4.15i Prophase II 
e Formation of spindle starts. 
e Nucleolus and nuclear membrane begin to 
disappear. 


(ii) Metaphase II (Fig. 4.15j) 
e The chromosomes arrange themselves along Centromere 
the equator. Chromosomes at equator 


E Fig. 4. 
e Formation of spindle apparatus 1s completed. ie 415) Metaphase p 


Daughter ED 


e The centromere of each chromosome is Chromosomes 
attached to the spindle fibre. 
(iii) Anaphase II (Fig. 4.15k) 
e The centromere in each chromosome 


divides. 


e The chromatids get their centromore and 
become daughter chromosomes and begin 
to move towards the opposite poles. 


(iv) Telophase II (Fig. 4.151) 


e On reaching the poles the chromo-somes 
organize themselves into haploid daughter 
nuclei. 


e The nucleolus and the nuclear membrane Fig, 4.151 Telophase II 


reappear. 
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Cytokinesis A F 
e@ This may occur in two successive stages, once after meiosis I and th 


after meiosis II, or in some instances it occurs only after meiosis Il. 


@ Meiosis results in four haploid cells. 


Significance of Meiosis 


G) It helps to maintain constant number of chromosomes in a species undergoing 
sexual reproduction. 


(ii) Meiosis occurs during gamete formation (gemetogenesis) and reduces 
number of chromosomes from diploid (2n) to haploid (n) in the gametes. The 
haploid gametes fuse to form diploid zygote during fertilization. The diploic 
zygote develops into a normal diploid individual. 


(iii) Meiosis establishes new combination of characters due 
(i) mixing of paternal and maternal chromosomes and (ii) crossing over di 


prophase I. As a result the progeny inherits the traits of both mother and 
father in new gene combinations. 


Comparision of Mitosis and Meiosis 


Cell divides only once 


Takes place in somatic cells 


There are two cell divisions. First mitotic 
division and the second meiotic division. 


Takes place in germ cells. 


4. Duration of prophase is short Prophase compartively longer. 
(few hours) (takes many days). 

5. Prophase simple. Prophase complicated having five sub- 
Stages namely leptotene, zygotene, 
pachytene, diplotene and diakinesis. 

7. Synapsis does not occur. Synapsis of homologous chromosomes 
takes place during prophase. 

8. No exchange of segments during Exchange of segments during crossing 
prophase between two chromatids over between non sister chromatids of two 
of chromosomes. homologous chromosomes. 

9. Each chromosome consists of two Each bivalent has four chromatids and 
chromatids united by a centromere. two centromeres. 

10. Chromosomes are duplicated at the In prophase I, chromosomes appear single 
beginning of prophase. although DNA replication has taken place 

in interphase I. 

11. In metaphase ali the centromeres In metaphase I, the centromeres are lined up 
line up in the same plane. in two planes which are parallel to one 

another. 

12. The metaphasic plate is made up The metaphasic plate is made up of paired 
of duplicated chromosome. chromosome. 

13. Centromere division takes place No centromere divisions during Anaphase I, 


during anaphase. 


centromeres divide only during Anaphase I. 


P 
Spindle fibres do not disappear completely 
during telophase I. 


14. Spindle fibres disappear 
completely in telophase. 


15. Reappearance of nucleoli at Nucleoli do not appear in telophase I. 
telophase. 
There is reduction in the chromosome 
number from diploid to haploid. 

The genetic constitution of daughter 

cells is different as compared to the parent 
cells. The daughter cell chromosomes 
contain a mixture of maternal and paternal 
genes. 


16. The chromosome number does not 
change at the end of mitosis: 

17. The genetic constitution of 
daughter cells is absolutely identical 
to that of parent cells. 


18. Mitosis is of shorter duration. Meiosis is of longer duration. 
It is basis of maintaining chromosome 
number in sexual reproduction, as well as 


for providing variation in the progeny. 


19. It is the basis of growth 
and repair. 


What is a karyotype 


Chromosomes can be seen only at metaphase. They are then photographed, cut and 
arranged in pairs according to size. Such an arrangement is termed karyotype (see 


human karyotype in lesson 21). 


Ql 


1. Name the sub-stage of meiosis-I in which the : 
(i) Homologous chromosomes pair 


(iii) Homologous chromosomes begin to move away from each other. 


2. Rearrange the following stages of meiosis I in their proper sequence : 
zygotene, pachytene, leptotene, metaphase-I diakinesis, anaphase-I, telophase-I. 


3. Mention two major points in which meiosis I differs from meiosis I 


e A living cell is a self-sufficient unit. 


e Important cell organelles are mitochondria, Golgi complex 
peroxisomes, chloroplast, glyoxisomes, nucleus. 
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of Life @ With the exception of centrioles, ribosomes and nucleolus, all other organelles are 
membrane-bound. 


Although a cell fails to lives, grow and reproduce in the absence of a nucleus, nucleus 
all by itself is also ineffective. 
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Notes f ® ‘Some organelles like mitochondria and chloroplast have the capacity to duplicate 
themselves to some extent without the help of the nucleus i.e. they are termed 
semi-autonomous. 


@ The living cells divide to produce new cells. 
@ Growth in body occurs due to increase in the number of cells. 


@ The continuity of the chromosomal set is maintained by cell division. 


The life cycle of a cell includes interphase (G,, S & G5) and M-phase (mitosis or 
meiosis) 
© Mitosis occurs in somatic cells, results in the formation of the equal identical cells 


© Meiosis occurs in germ cells only i.e. testis and ovary. This is a reduction division 
where chromosome number becomes half. 


@ The significance of mitosis is growth. 


@ = The Significance of meiosis is in reproduction where ova and sperm both have half 
the number of chromosomes i.e. 23 each in human gametes (but normal number of 
chromosome of human is 46 or 23 pair) and on fertilization the chromosome number 
becomes normal. 


@ Meiosis also helps in mixing the paternal and maternal characters. 


TERMINAL EXERCISES 


1. Justify the statement that cell wall although a dead material, influences living processes 
inside the cell. ; ; 

2. Differentiate between cell wall and cell membrane. 

3. Draw Singer and Nicholson’s model of cell membrane. 

4. Why is cell membrane vital for the cell? 

5. Draw structure of mitochondria and chloroplast as seen by electron microscope. 

6. List functions of mitochondria and chloroplast. 

7. Name the self — duplicating cell organelles? Why are they called so? 

8. Differentiate between functions of ER, ribosomes and Golgi bodies. 

9. Most organelles are membrane — bound. What is the advantage of such arrangement. 

10. Differentiate between the structure and function of centriole and cilia/flagella. 
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11. Why are lysosomes known as “suicidal bags”? 
12. What are the functions of nucleus? 


13. List the cell organelles. Write in one line each, about their functions and explain the 
division of labour, 


14, Give the point of difference between Notes 
(i) prokaryotic and eukaryotic cell. 
(i) plant and animal cell. 

15. Why is cell termed the structural and functional unit of the organism? 

16. Name the following : 
(i) The condition in which a cell has the normal paired chromosomes. 


Gi) The condition in which a cell contains only one member of each pair of 
chromosomes. 


Gii) The pairing of maternal and paternal chromosomes during meiosis. 


(v) The exchange of parts in homologous (maternal and paternal) chromosomes 
during prophase-I of meiosis. 


(vi) The point by which a chromosome is attached to the spindle fibre. 
(vii) The type of cell division that results in growth. 

17. What are the sites of meiosis in a flowering plant and in a sexually reproducing 
animal? 

18. List the sub-stages of prophase-I. 

` 19. What is the significance of meiosis? 

20. Draw a schematic diagram of various stages of the life-cycle of a cell. - 

21. Draw labelled diagrams of various stages of mitosis. 

22. Tabulate the main differences between mitosis and meiosis. 

23. Why is prophase of meiosis so prolonged and elaborate? 


24. What is the difference between cytokinesis in animal cell and cytokinesis in 
plant cell? 


ANSWERS TO INTEXT QU ESTIONS 


1. Preexisting cells 
2. Schleiden and Schwann 
3. Chloroplast i 
4. Prokaryote - naked nucleus, no cell organelles a 
` Eukaryote - distinct nucleus with a cell membrane, cell arganelies present? 
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Diffusion : Movement of molecules from region of their higher concentration 
to region of their lower concentration. 


Osmosis : Movement of water molecules across a membrane from region of 
their higher concentration to that of lower concentrati on. 


Movement of molecules against concentration gradient that is region of lower 
to higher concentration by expending energy. 


Intake of solid particles (phagocytosis) 
Intake of fluid droplets (pinocytosis) 


(i) -d y (ii) —a (iii) —e l 
(iv) — b (v)-—c 
G) Protection/shape 


(i) Provide communication between cells through plasmodesmata 
Membrane bound bodies in the cytoplasm 

ATP 

Grana 

Thylakoids 

Because energy as ATP is generated and stored in mitochondria 
Mitochondria 


. (i) both are semiautonomous 


(ii) both contain DNA or both contain ribosomes 
Chromoplasts 
Chloroplast 


They have their own DNA for production of more of themselves but cannot 
lead independent life. 


(a) Golgibody (b) ER, (c)ER, (d) ER, (e) ribosomes 

refer text 

(i) internal framework, (ii) transport of substance 

cytoplasm, ER, Nucleolus 

ER 

Beacuse the lysosome can devour organelles of the same cell 

They help in cleaning up the cell by digesting useless matter 

Fat metabolism 

Nucleus controls all the functions of the cell as it has the hereditary information 

(a) Chromosomes are present as a network when not dividing, that is at 
interphase 

(b) Bearers of hereditary information as genes on them 

Site of RNA synthesis ; 
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4.7 1. (i) Itisauniversal solvent and most chemical reaction of the cell occur in of Life 
aqueous medium 


Gi) Itis aconstituent of protoplasm 
2. glucose 
3. —NHCO-, between amino acid in a polypeptide bond and found in proteins f “Notes 
4. ATP 
5. building blocks of nucleic acids, each containing a pentose sugar, nitrogenous 
base and phosphate 
4.8 


(i) — Interphase - stage between two cell division; 
Gi) Synthetic phase - DNA is synthesised; 
(iii) Dividing phase - Mitosis in somatic cells or meiosis in the germ cells takes 

place. 

2. (i) First growth phase; (ii) Synthesis phase; 
(ii) Second growth phase; (iv) Mitosis/meiotic phase. 

4.9 Interphase; 
No; 
(i) Prophase; (ii) Telophase; (iii) Anaphase; (iv) Metaphase 
() zygotene (prophase I); (ii) Pachytene; (iii) Diplotene 
Microspore/pollen mother cell and megaspore mother cell. 
Leptotene, zygotene, pachytene, diplotene, diakinesis metaphase I, telophase 
I. 
4. Reduction in chromosome number to half exchange of genetic material in 
meiosis I. 


4.10 
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TISSUES AND OTHER LEVELS OF 
ORGANIZATION 


You have just learnt that cell is the fundamental structural and functional unit of 
organisms and that bodies of organisms are made of cells of various shapes and 
sizes. Groups of similar cells aggregate to collectively perform a partiċular function, 
Such groups of cells are termed “tissues”. This lesson deals with the various kinds 
of tissues of plants and animals. 


Oller 


After completing this lesson, you will be able to : 
define tissues; 


classify plant tissues; 

name the various kinds of plant tissues; 

enunciate the tunica corpus theory and histogen theory; 

classify animal tissues; 

describe the structure and function of various kinds of epithelial tissues; 
describe the structure and function of various kinds of connective tissues; 
describe the structure and function of muscular tissue; 

describe the structure and function of nervous tissue. 


a 


Organs such as stem, roots in plants and stomach, heart and lungs in animals are 
made up of different kinds of tissues. A tissue is a group of cells with a common — 
origin, structure and function. Their common origin means they are derived from 
the same layer (details in lesson No. 20) of cells in the embryo. Being of a common 
origin, they are similar in structure and hence perform the same function. Many 
kinds of tissues organise to form an organ. 


Example : Blood, bone, cartilage are some examples of animal tissues whereas — 
parenchyma, collenchyma, xylem and phloem are different tissues in plants. The ` 
study of tissues is called histology. i 
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A group of cells with similar origin, structure and function is called tissue. 
e.g. bone, muscle in animals and meristem in tips of root and shoot in plants 


5.2 THE PLAN 
The plant tissues are mainly of two types: 
1. Meristematic (Gk. meristos : dividing) Notes — 
2. Permanent (non-dividing) 


1. Meristematic tissues 
— Composed of immature or undifferentiated cells without intercellular 
spaces. 


— The cells may be rounded, oval or polygonal; always living and thin 
walled. 


— Fach cell-has abundant cytoplasm and prominent nuclei in it. 
— Vacuoles may be small or absent. 
Table 5.1 Types of meristematic tissue 


Function 
Growth in length of plants. 
* Internodal growth. 


Apical Meristem Root tip and shoot tip. 


At the base of leaves or 
at the base of internodes. 


Intercalary Meristem 


Growth in thickness of the 
plant body. (secondary growth). 


Cambium between xylem 
and phloem and cork. 

cambium in the cortex of 
dicot plants. 


Lateral Meristem 


Tunica (cells divide 
at right angles to 
surface of apex 
Corpus (cells divice 
in all planes) 


Deveoloping leaves 


Apical meristem 
Meristematic cells 


(b) Apical meristem 


in axil of leaf 


Vascular tissue 
of stem 

; Procambialstrandscells 
(these mature into 
vascular tissue- mainly 


Pith xylem, phloem and fibres) 


Stem apex in LS (c) Procambial Strand (a lateral mie 


Fig. 5.1 Location of meristematic tissue x ` I 
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— Permanent tissues are those in which growth has stopped either completely 
or for the time being. 


— Cells of these tissues may be living or dead; and thin walled or thick 
walled. 


— Thin walled permanent tissues are generally living whereas the thick 
walled tissues may be living or dead. 


Types of permanent tissues 


(i) Simple tissues : Simple tissue is made up of only one type of cells. Common 
simple tissues are parenchyma, collenchyma and sclerenchyma (Fig. 5.2, 5.3 
and 5.4). | 


(ii) Complex tissues : Complex tissue is made up of more than one type of cells 
working together as a unit. Common examples are xylem and phloem (Fig. 
5.5 and 5.6). 


The structure, function and distribution of simple plant tissues is given in table 5.2. 


2. Give one word equivalent for the following : 


(i) A plant tissue that consists of cells which continue to divide to produce 
more cells. 


(ii) The meristematic tissue responsible for the increase in thickness of the 
stem of a tree. 


(iii) The kind of plant tissues which consists of all similar cells. 


(iv) The category of plant tissues in which the cells do not divide. 
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5.2.1 Simple Plant Tissues 

There are three types of simple plant tissues (Fig. 5.2, 5.3 and 5.4) 
1. Parenchyma (Chlorenchyma and Aerenchyma) 

Collenchyma 


N 


Sclerenchyma 
Table 5.2 Structure, Function and Distribution of simple tissues 


Tissue Distribution 
1. Pareng (i) Oval or round, thin | (a) They make large | 1. Pith and 
walled with parts of various cortex of 
sufficient cytoplasm. organs in most stem and 
plants. root. 


(ii) Has prominent (b) Act as storage 2. Mesophyll of 
nucleus and cells. à leaves. 
intercellular spaces | (c) Chlorènchyma 3. Endosperm 

Gii) Wall made up-of carries out of seed. 
cellulose photosynthesis. 4. Xylem-and 

(a) Chloren Parenchyma (d) Turgid, phloem 
chyma containing parenchyma give parenchyma 
chloroplasts, rigidity to the in Vascular 
(b) Aeren Parenchyma with plant body. tissue. 
chyma large air spaces or 
intercellular spaces. 

2% Collenchyma © ae ngaten ae an Gives mechanical Occur in the 
(Gk. collen : thick BFMOADY, WANS: support to the peripheral 
glue) Thickenings more in Tank bod f f 

the corners of the prani oona Aegla 
calls Specially in many stems and 

Gi) Wall material is dicot leaves and leaves. 
cellulose and pectin ig 

(iii) Intercellular sapces 
present. 

3. Sclerenchyma| Sclerenchyma Sclerenchyma is | @ Fibres occur 
(Gk. scleros consists of thick mainly a in patches or 
= hard) walled cells, walls supporting tissue, continuous 

uniformly thick with) which can bands in 
lignin, withstand strains various parts 
(a) Fibres Elongated cells with and protect the of stem in 
pointed ends. inner thin walled many plants. 
Walls are thick with | Cells from e Sclereids 
lignin. damage. occur 
f H commonly in 
(b) Sclereids Irregular in poe tad 
Cell wall-very thick Ei 
making the cell LHe 
cavity very small. soine Teives 
in large 
numbers. 
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Cytoplasm 
N Vacuole 
a 
Nucleus 
Notes e Thin cell wall 


Many Chloroplasts “HE 


Me 


22 Chlorenchyma 


Lignified secondary 
wall thickness. variable 


Empty lumen-no 
living contents 


Simple pit 


No intercellular air 


Collenchyma Tissue 5.4 spaces present 


Fig. 5.2, 5.3, 5.4 Various types of simple tissues 
5.2.2. Complex tissues Í 
Complex tissues are mainly of two types : 
(i) Xylem 
(ii) Phloem 
— Xylem and phloem form a continuous system inside the plants, that is from the 
roots through the stem and leaves. 
= They are known as vascular tissues and form vasular bundles in roots and stems. 
Xylem (Greek xylo = wood) 


~ Xylem is a conducting tissue which conducts water and salts upward from roots 
to leaves. 


- Xylem is composed of (a) Tracheids, (b) Vessels (c) Fibres (d) Xylem 
Parenchyma (Fig. 5,5) 


Phloem 


-< - Phloem too is a conducting tissue which conducts food synthesised in the leaves 
to different parts of the plant. 


Phloem is composed of (a) Sieve Tubes (b) Companion Cells (c) Phloem Fibre 
(d) Phloem Parenchyma (Fig. 5.6) 


The structure, function of the complex plant tissues is given in table 5.3. 
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Table 5.3 Structure and function of the components of xylem and phloem f of Life 


Xylem 
1. Tracheids 


All of them function as a unit to 
conduct water upward from root 
to leaves. 


Long cells with pointed ends. 
Walls thick with lignin. 
Have pores on.the walls 


2... Vessel Cells shorter and broader than 
tracheids.* Walls thick with lignin 
and “have pores. End walls opén 
and the cells join to form a long 
tube. 

3. Xylem Long cells with very thick lignin 

Fibres. deposition on the walls, no pores 
on the walls. 

4. Xylem Small thin walled cells with 

Parenchyma |. Living | cellulose walls. 
Phloem 
1. Sieve tube Living | Elongated sieve cells join to form | All of them function as a unit to 


sieve tubes; cell wall of cellulose. | translocate food made in the leaves 

End walls of the cells have holes |by phtosynthesis to different parts 

on them, which give them the of the plant. 

name (sieve). 

Living | Long, rectangular cells associated 

with seive cells. Cell wall made 

; of cellulose. 

3. Phloem fibre] Dead | Very long cells with thick lignified! 
walls, ‘ 

Living | Elongated cells. Cell wall thin 

and made of cellulose. 


2. Companion 
cell 


4. Phloem 
parenchyma 


Cell walls of neighbouring 
sieve elements 


py Sieve pore 


y: Phloem parenchyma 
Multiperforation r 
‘Single perforation plate poms edt 
se cytoplasm 
'i Nucleus 
Small vacuole 


O ODO wi@s-quig | n ae 
sieve pores 
Vessels Tracheid Fibres A tubes 
5.5 Xylem Vessels, trachieds and fibres eee fi oe miles 


Fig. 5.5, 5.6 Various types of complex tissues 
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of Life 5.2.3 Theories explaining growth of the plant at its apex and root tip 
There are two important theories that explain the growth of a plant at the extremities 
of shoot and root. They are (i) Tunica corpus theory and (2) Histogen theory. 


Tissues and Other Levels of Organization 


Tunica Corpus Theory : 
Notes §— Tunica corpus theory was developed for vegetative shoot apex. 


— According to this theory, there are two zones of tissues in the apical meristems 
the tunica (Tunic = cover) consisting of one or more layers of peripheral layers 
of cells, and the corpus (corpus = body) a mass of cells enclosed by the tunica. 


— According to the theory, different rates and methods of growth in the apex set 
apart two regions. 


The layers of tunica show anticlinal (perpendicular to periphery) divisions and 
bring about surface growth. 


— Inthe corpus, cell division is irregular and at various planes resulting in grwoth 
in volume of the mass. 


— Tunica gives rise to epidermis and cortex. Corpus gives rise to endodermis, 
pericycle, pith and vascular tissue. 
Histogen Theory 


— According to this theory, apical meristem of stem and root are composed of 
small mass of cells which are all alike and divide fast (meristematic) 


— These meristematic cells form promeristem, which differentiate into thr-e zones 
dermatogen, periblem and plerome. 


— Every zone consists of a group of initials called a histogen (tissue builder). 
(i) Dermatogen gives rise to epidermis of stems and epiblema of roots. 
(ii) Periblem (middle layer) gives rise to cortex of stems and roots. 


(iii) Plerome gives rise to central meristematic region — pericycle, pith and 
vascular tissue. 


Classification of plant tissues-at a glance 
Plant Tissue 


Meristematic Permanent 


Apical Intercalary Lateral 


ie Ge eee Se Pe el 
Simple Complex 
Parenchyma Collenchyma Sclerenchyma Xylem Phloem 
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INTEXT QUESTIONS 5.2 g 


i. Give Two characteristics and one example of the location of the given tissues 


in plants in the following table: N am 
otes 


S.No. Tissue Characteristics Example of location 


(i) Parènchyma 


(ii): "oCollenchymanon Ho amk... a i n E Gin a 
EE E i n n a E A T A emma 
2. Name plants tissue which 
(i): cóhduct Water m Bi setose Esr sopi isset 


Cii) yzcopdbet food nu-si sispsscesesess 


ANIMAL TISSU 


functions. See the flow chart given below 
Animal Tissues 


As in plants, tissues in animals are also various types which perform different | 


Epithetial tissue Connective Tissue Muscular tissue Nervous Tissue 
(Protection by covering (Binding, support, (Movement and (Control and 
secretion, transport) Locomotion) co-ordination) 


Absoption) 
5.3.1 Epithelial Tissue 
Structural Characteristics : The cells forming epithelial tissue — 


(i) are closely packed with no intercellular space in between. 
(ii) arise from a non-cellular basement membrane. 
Gii) not supplied with blood vessels. 


Function : line the surfaces, help in absorption, secrete, also bear protoplasmic 
projections such as the Cilia. (See table 5.4 and Fig. 5.7) 


Table 5.4 : Types of epithelial tissue 


Function 
For exchange 
of O, and CO}. 


Structure 


1- 


Lining of air sacs 
in the lungs. 


Flattened cells with 
a centrally placed nucleus. 
Have irregular margins. 


Squamous 
Epithelium 


Lining of Kidney For absorption. 


tubules. 
Lining of blood 
capillaries. 
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of Life 2. Cubodial Cube like cells with a Lining of salivary For absorption. 
Epithelium centrally placed nucleus, and pancreatic 
Cells appear polygonal. ducts. 
Found in sweat, For secretion 
salivary gland. 
3. Ciliated Have cilia at Lining of Kidney For flow of 
Epithelium free ends. tubules. nephric filterate. 
4. Columnar Tall column like cell, with Lining of stomach, Secretion and 
epithelium nucleus at the basal end instestine absorption 
. 
5. Ciliated Cilia at free ends Lining of trachea Flow of fluids in a 
Columnar particular direction 
Epithelium 


6. Brush bordered} Numerous folds at 
Columnar free ends 
Epithelium 


Lining of intestine Increasing the 
surface area for 


“absorption 


DNI TOT 
te y 
= 
() $ ig Goblet Cell 
Oy. 
Central spherical Simple columnar 


Basement membrane ners 
‘ «ay: nucleus Basement epithelium 
Cubodical Epithelium Membrane supporting the 
Cilia iÙ goblet cell 


Smooth firm;outer surface 


Mucus-secreting cell Basement membrane 


Basement membrane Squamous epithelium 


Columnar epitheliur 


Fig. 5.7 The structure of different epithelial tissue 
If the epithelial cells are in a single layer, they form simple eptihelium. If the 
epithelial cells are arranged in many layers, they form compound epithelium or 
Í stratified epithelium (many layers). Stratified eptihelium is present in the body, 
i where there is lot of wear and tear. For example skin, inner lining of cheeks etc. 
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XT QUESTIONS 5.3 


Column I 
Compound Epithelium () 
Basement membrane ( ) 
Brush bordered epithelium (_) 
Salivary gland () 
Ciliated Epithelium © 


5.3.2 Connecitve tissue 
The connective tissue has two components : 


l. List the different types of animal tissues 


2. Match the’items in column I with-those in column II by writing the corresponding 
serial number within brackets. 


Column I 
(i) Epithelial tissue 
(ii) For increasing the surface area 
(iti) Lining of trachea 


(iv) Skin 


(v) Cuboidal epithelium 


(a) matrix, the ground substance and (b) cells 
The matrix and cells are different in different connective tissues (Fig. 5. 3); Matrix 
is the ground substance. 


Type of connective tissue 


Proper Supporting 


Cartilage 


Areolar Adipose Fibrous 


A. Proper Connective Tissue 


1. Areolar : 


The cells forming the tissue are : 


(i) Fibroblasts-which form the yellow (elastin) and wie (collagen) fibres in the 


matrix. 


Gi) Macrophages-which help in engulfing bacteria and micro pathogens. 


Fluid 


Bone 


Blood Lymph 


Most widely spread connective tissue. 


Gii) Mast cell-which secrets heparin (helps in clotting of blood). 
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of Life 2. Adipose tissue : It has specialized cells storing fat called adipose cells. Help 
in forming paddings. z 


3. Fibrous : It is mainly made up of fibroblasts. It forms tendons and ligaments. 


Elastin fibres 


Notes 
Secreting cells 


Collagen fibres 


Head (epiphysis) 
+ Spongy have with 
red bone marrow 


Compact. bone 
Spongy bone with 
yellow bone marrow 


Shaft (Diaphysis) 


Periosteum Concentric bony 
layers 


(Lamellae) Hy 
f Artery and vein #8 
Long bone in section Haversian canal PERS 
Monocytes 
5 a Neutrophi 
White cells Æ Top ostoophth . BESI Platelets 
(700/mm?) ST - oe 
O < 

Lymphocyte 


Fig. 5.8 Some representative types of connective tissue, 
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B. Supporting Connective ‘Tissue 
Supporting Connective Tissue 


Cartilage Bone 


1. Matrix is composed of chondrin. The cells lie 


Matrix is composed of ossein: Matrix also 


in the matrix singly or in groups of two or four contains salts of calcium, phosphorus and 
surrounded by fluid-filled spaces. The cartilage magnesium. Matrix in mammalian long 
may be elastic whose matrix has yellow fibres bones (such as thigh’bone) is arranged in 


as in pinna of ear, concentric tings. The osteocytes (bone 
cells) lie on the lamellae (concentric rings 
inthe matrix.) Osteocytes give out branched 
processes which join with those of the 
adjoining cells. Some bones have acentral 
cavity which contains a tissue that produces 
blood cells. The substance contained in 
the bone cavity is called bone marrow. 


N 


The cartilage may be fibrous, whose matrix has 2. Bones are of two types : Spongy. and 
white fibres. Firbous’ cartilage is present in Compact. In spongy bone, bone cells are 
between vertebrae. irregularly arranged. Such bones are found 

at the ends of the of long bones. 


3. The cartilage can be calcified where matrix is 3, In the compact bones, cells are arranged 
deposited with calcium salts as in head of long in circles or lamellae around a central 
bones. canal- the Haversian canal. 


C. Fluid connective tissue 
Blood and Lymph are the two forms of the fluid connective tissue. 


Blood : It is a complex of blood cells and plasma. Plasma forms the matrix. 
The blood cells 1. Red Blood Cells (Erythrocytes)-Transport O7 and CO, 


2. White blood cells (Leucocytes)-Function in defence against 
bacteria, viruses and other invaders. 


3. Platelets (Thrombocytes)-help in. the clotting of blood. 


Plasma is the extra cellular fluid of matrix, the ground substance. It contains large 
number of proteins such as Fibrinogen, Albumin, Globulin to be transported to 
various parts of the animal body for various purposes. 


5.3.3 Muscle tissue s 

Muscle tissue is composed of long excitable cells containing parallel microfilaments 
of contractile proteins shape. Actin, myosin, troponin and tropomysin. Because of 
its elongated shape, muscle cell is called a muscle fibre. The muscle fibres of 
vertebrates are of three different types (i) Striated (ii) Unstriated (iti) Cardiac 
(Fig. 5.9) according to shape and functions as mentioned in Table 5.5 and Fig. 5.9. 
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of Life Table 5.5 Types of Muscle Fibres 


Unstriated/ 
Involuntary 


Striated/Voluntary/Skeletal 


| Location 


l. Attached to the skeleton like| In the walls of body organs | Walls of heart. 
Teen Notes head, limbs, face etc. like stomach, intestines: 
Shape 
Elongated, cylindrical, | Spindle shaped, tapering. Elongated, cylindrical, 


branched, 
Striations (stripes) seen 


unbranched fibres 


Myofibrils so arranged in the 
cytoplasm, that there “are 
striations seen. 

Sarcolemma 
Thin and tough’ membrane 
sarcolemma of the fibre (cell). 


No such striations seen as 
myofibrils are not uniformly 
arranged . 


Thin cell membrane, no | Thin 


sarcolemma. 


Nucleus ; 
Multi nucleated, -Peripheral | Uninucleated, centrally One nucleus in each unit, 
nuclei. placed. kd centrally placed. 

Blood Supply 
Rich Poor Rich 

Intercalate Discs 
Absent Absent Present 


Voluntary (Contracts at will) 


Involuntary 


Involuntary 


Smooth muscle fibres 


Intercalated disc Nucleus Faint striati 
Side branch any ei 


a Cell m 
CO Cyloplasm ia 
Cardiac muscle fibres 


Fig. 5.9 Types of Vertebrate Muscle Tissue 
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The muscle fibres have the following characteristics: of Life 
(i) Excitability, (respond to stimulus) 
(ii) Extensibility, (stretch) 
(iii) Contractility, (contract) 
(iv) Elasticity, (move back to the original position) 


Notes 


1. Name the different types of cells found in the different types of connective 
tissue. 


2. Match the item in column I with those in column II, by writing the corresponding 
serial number within brackets: 
Column I Column H 


a. Unstriped muscles | (°) G) multinucleate 

b. Myofibrils () Gi) run parallel to each other in a striped 
muscle 

c. Sarcolemma () (iii) cardiac muscles 

d. Striped muscle (D) (iv) outertough membrane ofa striped muscle 
fibre 


e. Branched myofibrils () (v) involuntary 
5.3.4 Nervous Tissues 
Nervous tissues has two kinds of cells i.e. neurons and neuroglia cells 
Neurons ; 
Neuron is the functional unit of nervous tissue. Neurons are also called nerve cells. 


Nervous tissues constitute the brain, spinal cord, nerves and the sensory cells and 
sense organs. 
A single neuron has a generalised appearance as shown in the Fig. 5.10. 


Schwann cell nucleus 


Axon 


Cell membrane, 


Schwann cell cytoplasm 


Schwann cell Nucleus 


Cell membranes 
(b) 
Axon 


Schwann cell cytoplasm 


(a) 


Fig. 5.10 Nerve cell (a) non-myelinated nerve fibre (b) myelingated nerve fibre. 
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of Life Like any other cells of the body, it has the main cell body called cyton from which 
project out a varying number of processes —one of which is usually very long. This 
long fibre is called the axon. 


The smaller but branching processes of the cyton are called the dendrites (GK 
dendros = tree). The cell bounded by plasma membrane, possesses a nucleus and 
Notes § other organelles like mitochondria etc. 


The cyton also contains dark granules called Nisse bodies. These are made of RNA 
and Protein. 5 

Transmission of nerve impulse — The branching dendrites receive the stimulus 
and transmit through the cyton to the axon, which finally transmits it through its 
variously branched end into either a muscle (to order it to contract) or to a gland 
(to order it to secrete). The axon constitutes the nerve fibre. The nerve fibre may 
or may not be covered by an extra sheath called medullary sheath secreted by 
sheath cells. It is made of myelin a lipid like substance. Accordingly, the nerve 
fibre is termed medullated and non-medullated. The medullary sheath is not 
continuous and is broken at nodes of Ranvier (Fig. 5.10). 


1. What is the function of the nervous tissue? 


INTEXT QUESTIONS 5. 


2. What is the direction of the “flow of impulse” within a nerve cell from its 
dendrites to its axon end or from its axon end toward its dendrites? 


Medullary sheath 
(v) Node of Ranvier 


5.4 LEVELS OF ORGANISATION - CELL TO ORGANISM 
We started the lesson by talking about the smallest unit of life in any living organism 
i.e. the cell. The cell has a very complex system of its organelles, each organelle 
concerned with a particular task or activity, and each activity contributing to the 
total performance of the cell. Thus there is a division of labour at the cellular level. 
As evolution progressed and larger and larger organism appeared with enormous 
number of cells in the body, it became necessary that the bodily functions are 
| distributed among different groups of cells or tissues even among groups of tissues. 
Such higher and higher stages or grouping are known the levels of organization. 
These levels are as follows: 
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G) Cellular Level of Organization— The organization of the activities by of Life 
different organelles in a single cell. Example, white blood cell or a green cell 
of a leaf. 
(ii) Tissue Level- The, aggregates of cells of same origin and having same 
function, example, the surface epithelium of our skin or the dividing cells at 
the root cap of a plant. Notes 


(iii) Tissue System— Generally seen in plants where two or more different cell types 
combine to perform a particular activity. Example — Vascular tissue (veins, etc.) 
of a leaf, consisting of xylem and phloem, for transport of water and food 
materials. 

Gv) Organ Level- A distinct recognizable part of the body, composed of a variety 
of tissues and performing one or more special functions which contribute to 
the well being of the organism. Example : Liver in animals and leaf in plants. 

(vy), Organ System- Combination of a set of organs all of which are usually devoted 
to one general function. Example : respiratory system (consisting of lungs, 
trachea, diaphragm, etc. ) in man or the shoot system (consisting of leaves, 
stem and branches, etc.) in a plant. 

(vi) Organism- The complete individual made òf different organ system. Examples: 
man, monkey, or a mustard plant. > 


1. Rearrange the following levels of organizations in their correct sequences:- 
tissue, cell, organ, organism, organ system. 


2. Complete the following table by giving one example of each of the following 
in an animal and plant. 
Level of Examples 
Organisation 
Cell 
Tissue 
Organ 
Organ-system 


Organism 


sae 
BSA] WHAT YOU HAVE LEARNT 
e A tissue is a group of cells which are essentially of the same 
origin and performing similarly function. 


kind and of same 


BIOLOGY 


a 


MODULE - 4 U issues and Other Levels of Organization 
Diversity and Evolution sa 3 
of Life e In plants there are, first of all two major categories of tissues-: meristematc 
(dividing and undifferentiated) and permanent (specialized) tissues. 


@ Meristematic tissue is located at all growth points. 


© Permanent tissue consists of the simple tissue (parenchyma, collenchyma and 
sclerenchyma) and complex tissue (xylem and phloem). 


@ The animal tissues consist of epithelium (closely packed cells usually on 
surfaces,) connective tissue which primarily support, connect or bind the body 
parts to together (bones blood etc.), the contractile muscular tissue (different 
muscles,) and nervous tissue consisting of nerve cells adapted for conducting 
message (brain cells, etc.) 

è The various tissues in both plants and animals are grouped together to form 
an organ. The different organs together form the organ system and the various 
organs systems together constitute the organism or the individual. Thus there 


are different levels of organization with increasing complexity and specialization 
from cell to organism. 


1. What is a tissue? 


2. State one main structural characteristic and the special activity of the following 
tissue: ; 


meristem, sclerenchyma, xylem, phloem, epithelium, muscle, nervous tissue. 
3. In what way do the following tissues differ from the one stated:- 
(i) Connective tissue from epithelial tissue 
(ii) Bone from blood 
(iii) Phloem from xylem 
(iv) Squamous epithelium from columnar epithelium 
»(v) Tracheids from wood fibres 


4. Name the different levels of organizations in animals (such as humans) giving 
one example of each. 


ANSWERS TO INTEXT QUESTIONS 
a group of cells with similar orgin, structure and function 

2. (i) | Merisematic; 

(ii) Lateral meristem 

(iii) Simple 

(iv) Permanent 


3. arising from same embryonic layer of cells 
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Diversity and Evolution 


4. histology of Life 
5. composed of more than one type all cooperating in performing common 
function Z 
: $ 
5.2 1. S.No. Tissue Characteristics Example of location 


L. Parenchyma 1. Round cells 1. Root, stem and leaves Notes TETN 
2. Living 
2.  Collenchyma 1. Polygonal cells 1. Mid rib of leaves 
with thickening 
at corners 
2. Living 
3. Sclerenchyma 1. Elongated or 1. Stem 
j irregular at 
in shape 
2. Dead and thick 
walled 
2. xylem, phloem 
5.3 1. Epithelial, connective, muscular, nervous 


2. a-iv, b-i, c-ii, e-iii 
5.4 1. Firbroblasts - areolar 
Macrophages _ > areolar 
Mast cells -= areolar 
Cartilage cells/chondrocyte- _ chondrocyte-cartilage 
Bone cells/osteocyte - . bone 
Blood cells/(WBC RBC — - blood 


2. a (v); ©) (ii); c (iv); d (i); e. (iii) 
5.5 1. sensory 
* 2. Dendrite to the axon 
3 


(i) cell-body (ii) thin processes of cyton (ili) sensory fibre 
(iv) medullary layer (v) interruptions in medullary sheath 


5.6 1. Ceil, tissue, organ, organ system, organism 


2. refer to text subsection 5.4 
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MODULE-II : 
FORMS AND FUNCTION OF PLANTS AND ANIMALS 


Root System 

Shoot System 

Absorption, Transport and Water Loss in Plants 
Nutrition in plants — Mineral Nutrition 

Nitrogen Metabolism 

Photosynthesis 

Respiration in Plants 

Nutrition and Digestion 

Respiration and Elimination of Nitrogenous Waste 
Circulation of Body Fluids 


Coordination and Control — The Nervous and 
Endocrine Systems 


Homeostasis : The Steady State 


ROOT SYSTEM 


The root system is the descending (growing downwards) portion of the plant axis. 
When a seed germinates, radicle is the first organ to come out. It elongates to form 
primary or the tap root. It gives off lateral branches (secondary and tertiary roots) 
and thus forms the root system. It branches through large and deep areas in the 
soil and anchors the plant very firmly. It also plays another vital role of absorbing 
water and mineral salts from the soil and transporting them upwards. How is the 
root suited in structure to carry out such functions? You shall learn in this lesson. 


After studying this lesson, you will be able to : 

e define and identify root; 

© distinguish between different types of root systems; 

© describe and illustrate different regions of a root apex; 

© describe various modifications and functions of roots; 

e describe and distinguish between primary structure of dicot and monocot root; 
© illustrate and explain the mode of secondary growth in a dicot root; 


© describe the deep-seated ( endogenous) origin of lateral roots. 


6.1. CHARACTERISTICS OF ROOTS 
Main features of roots by which you can recognize them are : 
Non green due to absence of chlorophyll; 

Not divided into nodes and internodes; 

Absence of leaves and buds; 

Positively geotropic (grow towards gravity): 

Positively hydrotropic (grow towards water); 

Negatively phototropic (grow away from light). 
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“Hig Wh aul 6.2. TYPES OF ROOT SYSTEMS 


Root systems are mainly of two types: 


(i) Tap root system — It is the root system that develops from the radicle and 
continues as the primary root (tap root) which gives off lateral roots. They 
EGEE Notes provide very strong anchorage as they are able to reach very deep into the 
soil. It is the main root system of dicots e.g. gram, china rose, neem (Fig. 
6.la). 


Gi) Fibrous root system — In this root system, the primary root is short lived. 
A cluster of slender, fiber-like roots arises from the base of the radicle and 
plumule which constitute the fibrous root system. They do not branch 
profusely, are shallow and spread horizontally, hence cannot provide strong 
anchorage. Fibrous root system is the main root system of monocots, e.g. 
maize, grasses, wheat (Fig. 6.1b). 


Adventitrous 


Tap root Fibrous root 


System 


(b) 


Fig.6.1 Types of root system (a) Tap root system (b) Fibrous root system 
6.3 TYPES OF ROOTS 


(i) Tap root- [Itis the primary and the main root that develops from the radicle, 
bears many branches and remains underground. It is usually found in dicots 
e.g. sunflower, mustard, carrot, mango (Fig. 6.1a). 

(ii) Adventitious root — These are roots that develop from any part of the plant 
except the radicle. They may be aerial or underground 
(Fig. 6.1b). They may grow from node (money plant, bamboo), stem cutting 
(rose), tree branch ( banyan)or stem base (fibrous roots in monocots). 


light? 
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Notes 


5. Mention three characters by which you can say that carrot which you eat is a 
root. it 


[6.4 REGIONS OF ROOT 
Apical region of roots of any root system shows the same zones or regions as can 
be seen in Fig.6.2a. A longitudinal section of root apex (Fig.6.2b) shows the 
following structure 


1. Root cap region — It is a thimble- like structure produced by meristematic 
(rapidly dividing) zone and protects the tender apex (apical meristem) from 
harsh soil particles. As the root grows further down in soil, root cap wears out 
but it is constantly renewed . In aquatic plants (Pistia and water hyacinth) root 
cap is like a loose thimble called root pocket. 


2. Region of meristematic cells — is a small region of actively dividing cells 
called the apical meristem. It consists of : 
(i) Dermatogen (outermost layer whose cells mature into epiblema and root 
cap); 
(ii) Periblem (inner to dermatogen whose cells mature into cortex) and 


(iii) Plerome (central region whose cells mature into stele). In monocots, cap 
is formed by independent group of cells known as Calyptrogen. 


3. Region of elongation — Lies next to the meristematic region, the cells elongate 
and enlarge to make the root grow in length. 


4. Region of maturation — Lies next to the region of elongation. The cells mature 
and differentiate into various tissues constituting (i) Root hair or piliferous 
region having unicellular hairs which absorb water and mineral salts from soil 
and (ii) Permanent region which lies behind the root hair zone and is without 
hairs. It produces lateral roots, anchors the plant in soil and conducts water and 


minerals upwards. 
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In maize root tip, Clowes (1958) discovered a central cup like reservoir of | 
inactive cells lying between the root cap and the active meristematic region, 
called the Quiescent Centre. These cells become active whenever the} 
previously active meristematic cells are damaged. i 


Dermatogen i 
Periblem Plerome Dermatogen Periblem | 
ey es, 


Tap root 


Permanent 
region 


ees) ie 


Fig.6.2 (a) Apical region of root showing four different regions; ; 
(b) L.S. through root apex 


(STIONS 6.2 


1. Name the structure which protects the root apical meristem. 


6.5 MODIFICATIONS OF ROOTS 


Tap roots and adventitious roots can get modified into a variety of forms to perform 
various functions as can be seen from the following chart and tables 6.1 and 6.2. 


EE ET 


ia 


Root System 


Modifications of roots 


ey = 


Tap roots modification Adventitious roots modification 


(i). Conical root (i) Tuberous root 
(ii) 
(ili) 


(iy) 


(ii) Fusiform root Fasciculated root 


(iii) Napiform root Nodulose roots 
(iv) Tuberous root Moniliform 


Annulated roots 


~~ 


(v 
(vi). Assimilatory roots 
(vii) Epiphytic roots 
(viii) Pneumatophores 


(ix) 


Sucking roots or haustoria 


= 


(x) Prop roots 


_ (xi). Stilt roots 


(xii) Climbing roots 


POAN TR TERT 


(xiii) Clinging roots 


prime 


(xiv) Floating roots 


A. Tap root modifications 


Tap roots become fleshy for storage of food (Table 6.1) i 
Table 6.1 — Tap root modifications for food storage Í 
Re | 
Characters Example i 
S a 
1. Conical Base is broad and tapers gradually Carrot i 
(Fig. 6.3a) towards apex Y 
2. Fusiform Swollen in middle tapering towards Radish 
(Fig. 6.3b) both ends pee ; 
3. Napiform Spherical at base tapering sharply Turnip $ 
(Fig. 6.3c) towards the tip ; ee vee F 
4. Tuberous Thick and fleshy. with no definite, -4 O'clock j 
(Fig. 6.3d) shape Py, plant Í 
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Fig.6.3 Modifications of tap root (a) Conical (carrot); (b) Fusiform (radish); 
(c) Napiform (turnip); (d) Tuberous (4 o’clock plant) 


B. Adventitious root modifications 
Adventitious roots get modified for various functions (Table 6.2) 


Table 6.2 — Adventitious root modifications 


Type Characters Example 
(i) Modifications for food storage 
1. Tuberous Swollen roots developing from Sweet Potato 
(Fig 6.4a) nodes of prostrate stem 
2. Fasciculated Swollen roots developing in a Dahlia 
(Fig. 6.4b) cluster from the stem 
3. Nodulose Only apices of roots become Mango-ginger 
(Fig. 6.4c) swollen like single beads 
4. Moniliform Roots alternately swollen and Grasses, Sedges 
(Fig.6.4d) constricted presenting a beaded 
or moniliform appearance 
5. Annulated Look as if formed by a number Ipecac 
(Fig.6.4e) of discs placed one above the 
other 


(ii) Modification for photosynthesis 
Assimilatory roots Roots which when exposed to sun Tinospora 


(Fig6.4f) develop chlorophyll, turn green (aerial root), 
and manufacture food orchid 


ES ee 
~ 


Root System 


(iii) Modification for absorbing atmospheric moisture 
Epiphytic roots Aerial roots of epiphytes are orchids 
(Fig.6.4f) greenish and covered with spongy (Vanda) 
tissue (Velamen) with which they 
absorb atmospheric moisture 


(d) 


Fig. 6.4 Adventitious root modifications (a) Tuberous root (sweet potato); 
(b) Fasciculated roots (Dahlia); (c) Nodulose roots (mango ginger); 
(d) Moniliform roots (grass); (e) Annulated roots (Ipecac); 

(f) Assimilatory and epiphytic roots (orchid) 


(iv) Modification for better gaseous exchange 
Pneumatophores Some roots grow vertically up Mangroves 
or respiratory roots (negatively geotropic) into air. (marshy plants) 
(Fig.6.5a) Exposed root tips possess Rhizophora 
minute pores through which 
roots respire, appear like conical 
spikes coming out of water 


(v) Modification for sucking nutrition from host 


Sucking roots or Parasitic plants give out sucking Cuscuta 
haustoria roots or haustoria which penetrate 
(Fig.6.5 bi,bii) living host plant and suck food 
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Fig. 6.5 Adventitious root modifications (a) Pheumatophores of a mangrove plant; 
6 Cuscuta (parasite) on host; (bii) Section showing sucking root or 
haustorium penetrating the host plant 


(vi) Modification for strong support 


1. Prop roots Roots develop from tree branches, Banyan 
(Fig.6.6a) hang downwards and ultimately 
‘penetrate the ground, thus support 
heavy branches 


2. Stilt roots Extra roots developing from nodes Sugarcane, 
(Fig.6.6b) near the base of stem, grow obliquely Screwpine 
and penetrate the soil giving strong 
anchorage 
3. Climbing roots money plant 
(Fig.6.6c) Weak climbers twine around betel 


and clasp the support with the help 
of climbing roots arising from 
their nodes 


4. Clinging roots Special clinging roots arise, enter the epiphytes 


(Fig.6.4f) crevices of support and fix the orchids 
epiphyte 
(vii) Modification for buoyancy & respiration 
Floating roots Spongy, floating roots filled with Jussiaea 
(Fig.6.6d) air, arise from nodes of some aquatic 


plants, and help in floating 
and respiration 


BIOLOGY 


MODULE - 2 


Forms and Function of 
Plants and Animals 


The great Banyan tree in Sibpur, Kolkata is more than 200 years old, 
forming a crown of over 404 meters in circumference and has about 1600 
| prop roots. 


(a) Prop roots in banyan; (b) Stilt roots of sugarcane; 


Fig.6.6 Adventitious root modifications — 
(c) Climbing roots of betel: (d) Floating roots of Jussiaea. 


[6.6 FUNCTIONS OF ROOTS 


(i) Anchorage ~ Roots anchor the plant firmly to the soil (mechanical function). 


Gi) Absorption — Roots absorb water and mineral salts and. conduct them 
upwards (physiological function). } 

(iii) Special functions — By undergoing modifications in their structure, roots 
perform special physiological functions like food storage, assimilation, 


absorption of atmospheric moisture, sucking food from host, better gaseous 
exchange and mechanical functions like floating (buoyancy). stronger 


anchorage and climbing. 
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INTEXT QUESTIONS 6.3 


1. Are carrot, radish and turnip roots? Justify. Why have they become fleshy? 


2. Name the type of root modification found in plants growing in marshy areas. 
What is their function? 


3. What is the tissue in aerial roots of epiphytes known as which helps in 
absorption of moisture from the atmosphere? 


5. Match the items of column A with those in column B 


A B 
(a) Prop roots (i) Storage 
(b) Haustorium (ii) Jussiaea 
(c) Sweet potato (Gii) Banyan 
(d) Floating roots (iv) Cuscuta 


You would enjoy doing the following activity? 


. ACTIVITY 6.1 


AIM : To study the characteristics of roots, type and modification in given plants. 


Material required : Carrot, radish, turnip, sweet potato, sugarcane, money plant, 
uprooted grass, mustard/coriander plant. 


Method : Observe the roots carefully and tabulate your answers to the following 
questions — 


Is the root green? 

Does it have nodes and internodes? 
Are leaves present? 

Any buds present? 


Is it a tap or adventitious root? 


A ah lh R 


Name the type of modification, if present? 


A. DICOT ROOT (e.g. gram) 


i 
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A thin transverse section of dicot root (Fig. 6.7) shows the following structures — 
(i) Epiblema : Single, outermost layer of thin-walled cells. Some cells are 
prolonged to form unicellular root hairs. It protects and absorbs water. 

(ii) Cortex : Large zone, many layered, cells thin-walled parenchymatous with 


intercellular spaces, stores food and water. 
Notes 


Root-hairs 


> Cortex 


Pericycle 
Conjunctive tissue 
Pith 
Proto-xylem 
Meta-xylem 
Phloem 
Sclerenchyma 


Fig. 6.7 A portion of dicot root in transverse section 

(iii) Endodermis : Innermost layer of cortex, cells barrel-shaped, closely packed, 
show band like thickenings on their radial walls called casparian strips. 
Some cells (opposite the protoxylem) which lack these strips are called 
passage cells. They help in the movement of water and dissolved salts from 
cortex directly into xylem. 


Stele : All tissues inner to endodermis comprise stele. 


(iv) Pericycle : Inner to endodermis lies a single layer of pericycle. It is the seat 
of origin of lateral roots and vascular cambium and cork cambium during 


secondary growth. 


(v) Vascular Bundle : It consists of xylem and phloem patches lying on 
alternate radii i.e., it is radial. Xylem is exarch where protoxylem (first 
formed , having narrow vessels and tracheids) lies towards the periphery and 

etaxylem (differentiates later, has wider vessels and tracheids) lies towards 


mi 
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Plants and Animals the center. Depending upon the number of xylem patches a root may be 
diarch (di-2 patches) to hexarch (hexa- 6 patches). 


(vi) Pith : Sometimes the metaxylem of all xylem patches meet in the centre, 
in that case pith is absent or is small and parenchymatous. 


Notes (vii) Conjunctive parenchyma: Parenchyma which separates xylem and phloem. 
B. MONOCOT ROOT (e.g. maize root) 


A thin transverse section of monocot root (Fig. 6.8) shows the following structures 


Cortex 


Endodermis 
Pericycle, 


Conjunctive tissue 
Phloem 


Pith 


Fig. 6.8 A portion of monocot root in transverse section. 


(i) Epiblema : Outermost, single layer of thin-walled, closely packed cells. 
Some cells are prolonged into unicellular root hairs. 


(ii) Cortex : Large zone, multilayered, of parenchymatous cells with intercellular 
spaces, stores water and food material. 


Root System 


(iii): Endodermis:: Innermost layer of cortex with characteristic casparian strips 
and passage cells. \ 


Stele : All the tissue inner to endodermis is ‘called ‘stele’ 

(iv) Pericycle : Single layered, of thin Walled Cells. The lateral roots originate 
from this layer. 

(v) Vascular Bundle : it consists of many. patches, of -xylemand- € 
arranged radially. The xylem is exarch and polyarch (poly-many).. Saas 

(vi) Pith 'y*Lies ‘im: the! centeryslarge,' well: developed, ‘parenchymatous’ or 
sclerenchyamatous , stores food. 1 


(vii) Conjunctive Parenchyma : Lies in between strands of xylem and phloem. 


The anatomical differences between Dicot and, Monocot roots; can, be studied from 
table 6.3 


“Table 6.3 Differences between Dicot and Monocot root 


Characters Dicot root Monocot root 
1. Number of vascular 2-6 (di-hexarch) z Matiy (polyarch) 
Buiridlds 88 edra MSIIGZEI gegaegq TO! 19bobns sd smsV 

2. Pericycle Seat of origin of lateral Seat of origin of 
roots, vascular and cork lateral roots only 
cambium. , BSW itii 

3. Cambium Present Absent 

4, Secondary growth j Present , nhy Absent 

5. Pith Very small or absent 


SIN OF LATERAL ROOTS 
© The origin of lateral roots is F 
@ The seat of its origin ipene 7 
iform a humpgincthe, endodermis, (Figi6-9a7b) ori! siio fignol ni wo ) 
@»::Fherhurip penetratessinto the cortex (Fig. .6.%c-d)x siivois visting roils 
jooTiooib ni vino be rarosa y@bdodermis> ||): 

Proto-xylem 


Proto-xyiem 
iS TSP \ ash Sl 


AILO oto 


Pericycle 
r Pericycle 

Proto-xylem y 

PErityg S OM kig fadodermis 

N Endodermi. _ Root 

h Primordium 


nct o MAR ETENE oii hi BAHI 


coriex, 
(a); ri ao Ab), +1 firni p(t ae raids isluoeny jie STORA 


Fig. 6.9 a-d Formation of lateral root (Endogenous origin)-/Stages as Semin diq l 
longitudinal sections of root. 
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© Later, the hump differentiates into 3 regions of the root apex i.e. dermatogen, 
periblem and plerome. 


satel the lateral root comes out. 


The number of lateral roots correspond to the number of xylem bundles. 


1. Name the condition where protoxylem lies towards periphery and a towards 
centre. 


4. Name the endodermal cells which do not possess casparian strips and help in the 
movement of water? 


6. Ifthe number of xylem bundles is 4 (tetrarch), Boy many lateral roots will be formed 
in that area? 


CONDARY pia IN DICOT ROOTS 


The roots grow in length with the help of apical meristem. Itis called primary growth. 
Apart from primary growth, roots grow in width i.e., they increase in girth. This increase 
is called secondary growth. It is found only in dicot roots. 


The tissues involved in secondary growth are lateral meristem i.e., vascular cambium 
and cork cambium. 


It is important to remember that the vascular cambium and cork cambium are secondary 
in origin and arise from pericycle. 


Secondary growth is as follows- 
© Pericycle cells outside the protoxylem divide to form a strip of cambium (Fig 6.10b). 


® Another strip of vascular cambium appears in the conjunctive tissue on the inner side 
of phloem bundle (Fig, 6.10a, b). 
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Primary phloem 
Primary xylem 


Endodermis Secondary xylem 


PERICYCLE 


Fig. 6.10 T. S. Dicot Root — (a) and (c) (diagrammatic) — Early stages in 
secondary growth (b) Stele enlarged (cellular) 


© These two vascular cambium strips join laterally to form aring which may initially 
be wavy (Fig. 6.10c) but later becomes circular due to over production of secondary 
xylem tissue inner to primary phloem (Fig. 6.1 1a). 

ə Cambium cells consist of brick shaped cells which divide and add cells on its either 


side i.e. towards periphery and towards center. Those added towards the periphery 
differentiate into secondary phloem and the ones formed towards the center 


differentiate into secondary xylem. 


Fig. 6.11 T. S. Dicot root (Diagrammatic) a-b Later stages in secondary growth. 


e ‘Secondary tissue formed outer to the protoxylem bundle differentiates into prominent 


primary medullary ray thus, protoxylem does not get crushed 


(Fig. 6.11a). 
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Plantsdñd'Animals ° fe Later, cork cambium- (Phellogen) also differentiates in the~pericycle 
(Fig. 6.11b). : i 
e The cork cambium/divides and. gives rise to E (Phellem) towards Ghiside 
and secondary cortex (Phelloderm) towards insidé, 5 
All the three i.e. Phellogen, Phellem and“ Phelloderm m form the 
Periderm of the root and has protective “function. f ; 


e Finally all the primary tissue outside the developing tee (i.e. endodermis, 
cortex and epiblema) are sloughed off. 


ireid: 


3. What is conjunctive tissue? 


Saasesecssusecensecuavencasesepoenspscitecsccsecsanvenacspaqedetivaspsceasad negens 


4. Define periderm, What role ne it have? ee dhe 


® Roots are non-green due to the absence 


bloropiy lt ‘ok nodes and 
inten leaves-and pete maolria viat 


geotropic) Sa water y ostve 


gatively. hototropičj. ; 
ih (ii diggs) and jEihrous root 


sy stem (in MONO). 


i 


Tap root develops from the Mace ‘while adventitious tiyis a from any 
part of the plant except tap root. 


Apical region of root has 4 regions namely root cap region, region of 
meristematic cells, région of elongation’ and region of maturation! 2" 


; Main functions of foot aré eae and absorption. 


e Insome plants, roots undergo thodifications in their structure to perfori Si tii il 
f 


} > 
physiological functions (fox d storage, assimilation, respiration. ‘absorption of 
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atmosphericimoisture and sucking nutrients fromihost plants) and mechanical functions f Plants and. Animals 
(stronger anchorage, climbing, buoyancy). 


@ Internal structure of root shows unicellular hairs, single layered epiblema, large cortex, 
prominent endodermis with casparian strips and some passage cells. The stele 
consists of single: layered: pericycle,) radial vascular | bundle, )exarch’ xylem 
and pith. Notes 


© Dicot root differs from monocot root in bovine lesser aber of vascular bundles 
(2-6), very small pith and presence of cambium (secondarily formed). 

@ Origin of lateral roots is endogenous. 

© Number 6f lateral roots corresponds to the nuimber of xylem bundles. 


e Lateral roots , vascular cambium and cork conan wa eae from pericycle i in dicot 
ma roots. i t : j 


ISA TUS ORS 


° Due to the presence of cambiuin dicot roots undergo secondary growth, 


@ Because of apical meristem, roots, undergo primary growth and increase in 
length. BREAN 

@ Thedicotroots grow in girth by undergoing secondary growth dueto the involvement í 
of lateral meristem (vascular cambium and cork cambium). 


e Waseular cambium orig vinates as a strip in \pericycle cells lying outside tne e protoxylem 
and in conjunctive tissue inner to phloem bundle.” 


e Initially the cambium is wavy but Tater becomes circular. 


e Vascular cambium gives rise to secondary eee sale n and secondary 
xylem towards centre. a | À 


AA aE 
e@ Primary medullary ast erentiate outer to ot em. 


© Cork cambium (phellogen) also differentiates in the pericycle and gives rise to 
cork (phellem) towards periphery and secondary cortex'(phelloderm) 
bəti towards inside; ti seunded 9 ion i 
© Phelleiń/ Phelogen and Phellodérn iseomneiote form the nei wohl is protective 
oinfunctions jay: foot gsi bas snsoiwgue ssism mi misi2ye loo1 evo 


cr 


1 Describe any four adventitious root modifications. a 
ARZINA Aii 10 MOLLST MOTRID GBI JOON a 
2. Give one point of difference between: aona 


rroj í sobon to gansed 


TERMINAL EXCERCISES Jj 


q2 1007 Í 


opsiuinm to 
(i) Tap root and adventitious root 
D bas sməldigo oni e5isnns 
ii) Prop and stilt roots ihe 
(iii) Protoxylem oe metaxylem 

y ( a gsf noig euorstilig 10 qad joo -$ 
ai iv) Phelloderm a and { periderm rs 

abon Sy sd ton ob yadi oonte 21001 Sth Yrm 

Wy “Vascu!ar cambium an rk cambium i ee 
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Describe the various types of edible roots which you have studied. 
What are pneumatophores? Where are they found and what is their function? 


Describe secondary growth in dicot roots. 


3 
4 
5 
6. Why is it difficult to break the lateral roots from the main root? 
7. What is periderm ? How is it formed? 

8. Give four characteristics by which you can identify a root. 

9. What is the function of region of maturation? 


10. Give one example each of plants having pneumatophores, climbing roots, floating 
roots and haustoria, 


11. A cross section of plant organ when seen under the microscope shows—radial 
vascular bundles, exarch xylem, single layered pericycle and unicellular hair. 
What organ is it? 


12. Name the meristematic tissues which help the dicot roots to grow in length 
and girth. j 


13. Name the modification of root which supports tree branches. 


14. If a transverse section of root shows polyarch condition of vascular bundles, 
large pith and no cambium, which type of root will it be? 


15. Differentiate between stele of dicot and monocot root, 


ANSWERS TO INTEXT QUESTIONS 


6.1 1. Root 
2. Radicle i 


3. Tap root system gives better anchorage because it is very deep seated, 
branches profusely which ramify through large areas in soil. 


4. Fibrous root system in maize, sugarcane and tap root system in sunflower, 
' mango. 


5. Absence of nodes and internodes, buds and leaves. 
6.2 1. Root cap 


2.. Root cap region, region of meristematic cells, region of elongation, region 
of maturation. 


3. Dermatogen differentiates into epiblema and cap, whereas plerome 
differentiates into stele. 


4. Root hair or piliferous region /Region of maturation. 
6.3 1. Yes, they are roots since they do not have nodes and internodes, buds or 


leaves; they become fleshy for storage of food. 
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6.4 


6.5g 


Forms and Function of 
Pneumatophore , respiration Plants and Animals 


Velamen 

Anchorage and absorption of water and mineral salts 

(a) — (iii); (b) - (iv); (c) — i); (d) — Gi) 

Exarch 

Because they arise from inner layer i.e.pericycle/ endogenous origin 
Pericycle 

Passage cells 


In dicot root-2-6 vascular bundles and cambium is present but in monocot 
root many vascular bundles are present while cambium is absent. 


Four 


Vascular cambium and cork cambium; Vascular cambium forms secondary 
vascular tissue while cork cambium forms cork and secondary cortex. 


Pericycle and conjunctive tissue. 


Conjunctive tissue is the parenchyma tissue lying between xylem and 
phloem patches that are arranged radially in roots. 


Periderm is a tissue which is formed during secondary growth and 


consists of phellem, phellogen and phelloderm; protection. 
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SHOOT SYSTEM *” 


Shoot system is an aerial and erect part of plant body which grows’ tipwards. It is 
usually above the soil:and ‘develops: from: plumule: of ithe:embrio. It consist’, of 
stem, branches, leaves, flowers; fruits.and seeds: Inthis/lessoniyouiwill study about 
the structure, types, modifications and functions, of stem, deaf, flower and fruit. 


After studying this lésson, you will be able to ~ 
CASAL 
e list the general characteristics of stem and distinguish them from those of root; 
e describe the shoot apex and explain the origin of lateral branches; 
@ explain the types, modifications and functions of stem; 


@ describe the primary structure of dicot and monocot stems with the help of 
diagrams and distinguish between them; 


@ describe secondary growth in a dicot stem; 

@ define wood and its types; 

@ describe the general morphology of leaf and explain phyllotaxy; 

e describe and illustrate various modifications of leaf highlighting their functions; 
@ describe and compare the internal structure of a typical dicot and monocot leaf; 
@ define inflorescence and describe it's major types; 

© define a flower and describe it’s structure and functions; 

@ define placentation and describe different kinds of placentation; 


© define and explain the structure of fruit and enlist it’s major categories with 
examples. 
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7.1 STEM 
7.1.1, Characteristics of Stem 


(i) Arises asa prolongation of plumule (one,.end of an embry). 


(ii) Grows and bends towards light’ (positively: phototropic) ‘and away: from 
gravity (negatively geotropic). 


(iii) Divided into nodes (poiat of attachmeiit of leaf) and internodes (regions 


upw jie ‘th the ae of ieai) which give rise to lateral Branches. 
(vi) B sars sel uds (terminal or axillary) tiiat, gřow into flowers. : 


Pat 


y 


rey 
7.1.2 Differences between stem and root 
Table 7.1 gives the, difference i in morphology ,between stem and root. 


i „Table, 7. 1 Menas differences between stem and root 


Stem } IWT l roe ¢ De sRoot oud’ 
1o | Develop) from-plamile!sjcyy 2119 } Develop from radicle. ybod) əng (ii 
\}\2s Young stemmsisegreen‘¢oloured , Non‘green because note e 
because} of ehlorophyll.cc+-) IUOTR H staia 
3. Divided into nodes and internodes. Not divided into nodes 46 ‘internodes: 
4, Bears leaves, vegetative and floral Absent. 
buds. aoned istis d to mgro &.5.% 
5: No cap presentiatithe apexixs 99) mi 1i4297Root cap isipresent atthe apex, 2919057 
16!) Positively ae aye and woah ( oD Negatively phototropic ‘but sare lixs 
yingeotropicn! Dns < itt to apbogeotpiciDiomng ise! giq 
7. Origin of lateral branches:is’ aae A 1 Otiginiof Jateral roots is endogenous 911510 
(originating from outer layers). (originating from inner layers). 


endl BeAnGHes On! Stem? 


14) (Roots are’ negatively)/phototropic and positively geotropic; what pattérn of 
growth does the stem show? © Smale ni aedi zi 
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7.1.3 The Shoot Apex 

Shoot apex is the terminal, dome shaped part of shoot and is formed of meristem 
called apical shoot meristem is responsible for the development and differentiation 
of primary permanent tissue and mainly causes growth in length. It is divided into 
two regions - Tunica and Corpus (Fig. 7.1) 


Fig.7.1 a-b L.S. of shoot apex to show tunica and corpus 


(i) Tunica (covering)- An outer zone of shoot apex, 1-3 layers in thickness. It gives 
rise to epidermis and is responsible for surface growth. 


(ii) Corpus (body)- Inner multi-layered zone of cells which divide in all directions. 
They finally give rise to procambium (forms vascular tissue) and ground 
meristem (forms ground tissuc). These cells also form leaf primordia (a newly 
developing leaf). 


7.1.4 Origin of Lateral branches 


Branches arise from axillary buds present in the axil oi leaves (Fig 7.1). Each 
axillary bud is a small, compact, underdeveloped shoot covered with a large number 
of overlapping leaf primordia. Internodes of this bud enlarge and develop into a 
branéh. Therefore the development of branches is exogenous (exo = outside). 


4. What is the structure known as which covers the apical meristem of root but 
is absent in stem? mai 
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7.1.5 Types of stem 

The stem may be (i) aerial (erect, rigid, strong and upright as in herbs, shrubs and 
trees) (ii) sub aerial (weak, unable to stay upright and trail on ground as creepers 
or climb up as climbers) or (ili) underground (buried in soil and produce aerial 
branches under favourable conditions only). 


7.1.6 Modifications of Stem 
Stems are variously modified into underground, sub aerial and aerial stems for 
performing functions like manufacturing and storing food, perennation ( overcoming 
unfavourable climatic conditions), providing mechanical support and protection 
and for propagating vegetatively 

Types of stem and modifications 


Underground Subaerial Aerial 
Rhizome Runner Tendrils 
Corm Stolon Thorns 
Bulb Offset Phylloclade 
Tuber Sucker Cladode 
Underground modified stems — Since underground, they may seem like roots but 


due to the presence of : 3 


you can recognise them as stem 


(i) Nodes and internodes, (ii) scaly non green leaves, (iii) buds. 


They serve two functions - 
tructures by remaining leafless and dormant in winter but 


ə Actas perennating s 
ots under favourable conditions (next season) 


giving off aerial sho 
© Store food and become thick and fleshy. 
The various types of underground modified stems are give 
Table 7.2 Underground Modified Stems 


n in Table 7.2. 


Thick, fleshy, flattened 
horizontally growing stem near 
the soil surface. Bears scale 
leaves on nodes, terminal and 


1. Rhizome 
(Fig.7.2a) 


axillary buds, adventitious roots. 5 5 

2. Corm ER fein oE Saffron (‘kesar’) 
(Fig.7.2b) eshy, spherical stem wi Yam (‘zimikand’) 
k flattened base, grows vertically; Gladiolus 

bears many scale leaves, distinct 

nodes and internodes, buds and 

adventitious roots. 
BIOLOGY 


‘MODULE ='2 
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Plantsand’Animals:i f3. Bulb Reduced, flattened discoid stem Onion 

Sd ne @ig-7.2ciii) | with -crowded.,nodes, bearing, ifi 

oyerlapping fleshy, (inner) and 

dry (outer) scale leaves, Terminal 

bud (in centre) forms foliage 

(green) leaves. Adventitious 

auiraner roots grow from discoid basessif? ipatatgieoitibo? 

o) e(Fig:T.2d)s bijs Swollen: -tips:,of.underground, 9 oop) visyoiis 

tostavo) noisninslatenabchranches tO; stem,) Store ol fi! nonan: 

_ food as starch, bear “eyes”. Each; 

eye is a node which bears bud. 
and scar of scale leaves. ` 


S 
cale Base 7 Fléshy 


Scale leaf Base of Scale Scale Leaf 


(a) (b) 1 AIP? SUD Mota Modi sainzgy 
Fig.7.2 Underground modifications of, stem,— (a), Rhizome of Ginger, (b); Corm, of Yam, (ci) 
Bulb of Onion (cii) V.S. bulb, (d) Tuber of Lapa 


Sub aerial modifications Of stem- Stems ; are, weak, therefore lie prostrate on 1 the 
“ground or may get partially ‘buried i in the top soil. ‘The plants ‘bearing such stems 
are called creepers. Their stems serve the function of vegetative propagation. 


Table 7.3 Modifications of Sub aerial stems 


‘Examples 


Long, weak, slender branch with long internodes. 


1. Runner Grass, Oxalis 
(Fig-7.3a) “7| Runs horizontally on soil'surface-giving off 4 
iisibAyh adventitious roots at nodes 7 : pra 
2. Stọlon;; «Weak lateral branch, which, grows upwards, then, | | Mint (Pudina’), 
(Fig. 7.3b) arches down to Meet the soil, strike roots and Jasmine 
produce daughter Plants 
3. Offset r “shorter, grow fora Water hyacinth, 
(Fig.7.3c)) short distance then produce cluster (rosette) of water lettuce” y 
leaves above and adventitious: rdots below: 
generally i in aquatic plants O19 oe gi 
4. Sucker Underground inner whieh’ ‘rows horizontally °" Chrysanthemum 
(Fig.7.3d) for a distance under soil then emerges obliquely: 


upwards, strikes roots and forms daughter plants 
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Fig.7.3 Sub-aerial modification of stem 
(c) Offset; (d) Sicke 


Aerial stem-modifieations +. Whole. stemipnits-part {axillaryvorterminalbud)ygets 
modified to perform definite functions. You can recognise them as stems by 
following features : 


bas rH eia Janta doidw oj noi 


(i) Arise in the axil of eaf G Bear nodes and internodes (iii) may DEA aves, 
buds, flowers. 


no fw 9DSi iog s 


Table 7. 4 Types of aerial stem modifications 


wai 


Examples... 4 


TYRE <3 noficoitibom maie 1 PRMOSES doinw ot gi j 
1.. Stem. tendrils Thread like, spirally coiled, leafless. structures . Grape. vine i 
(Fig.7.4a) (tendrils) which twine around. neighbouring , p y i i 
i nati adi 1 
objects and help weak planis to climb 
a j 
2. Thorns Straight, pointed, hard structures: modifications Citrus Duranta | 
(Fig.7.4b) of axillary (Citrus) or terminal (Carissa) bud: Ca ? 
act as defencesorgansvor“is Climbing organs GKäronda’) d) 4 
y Giiguborged.. (Hii . |. gmiodT 
3. Phytloclade | Green, flattened of cylindrical fleshy stem, with Opuntia (prickly i 
(Fig.7.4c) nodes and! intértivdest sears (spines (modified peau é (b 
leaves to check, evaporation); carries out spsfoollydd 
photosynthesis, stores. water. Found in_plants eee ee Ean 
growing in dry regions misiel|te egoon y 
~| è ` ania = p pra 4 in” 2 4 
4. Cladode It isa aeieae ti with limited growth ie. witk E r 
eri gett Ghd do 


ow 


jes ; 
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Fig. 7.4. 


e 


‘Ha 


Leaf spine 
Phylloclade 


~ Flower Cladode 


Hook 


(a) (b) (c) (di) (dii) 


Agrial stet modifications — (a) Stem Tendril: (b) Thors: (c) 
di, dii-Cladode of Asparagus and part enlarged 


Idi’ and onion belong to which category of stem modif 


Phylloclade of Opunlia; 


fication respectively? 


5. Match the items of column A with those of column B 


(a) 
(b) 
(c) 
(d) 
(e) 


A B 
Tendril (i) Protection 
Sucker (ii) Perennation 
Thorns (ili) Reproduction 
Bulb (iv) Photosynthesis 
Phylloclade (v) Climbing 


7.1.7 Functions of stem 


A. Primary functions 


1. Support and orient the leaves in a manner that they are exposed to maximum 
sunlight and for efficient gaseous exchange during photosynthesis and respiration. 
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2. Conduct water and minerals from roots to leaves and manufactured food from f Plants and Animals 
leaves to different parts of the plant. 


3. Bear flowers and fruits 


. Secondary Functions 


Storage - Stems store food and water in plants e.g. potato 


or N 


Perennation - The underground stems help tide over the unfavourable growing 

periods e.g. ginger. 

3. Vegetative propagation - Stem can be a means of vegetative propagation e.g. 
rose, sugar cane. 

4. Photosynthesis- in certain plants like xerophytes (desert plants) where leaves 

are reduced, the stem takes up the function of photosynthesis. These stems 

posses chlorophyll e.g. Opuntia 


n 


. Protection- In some plants the axillary bud modifies into thorn and protects 
the plants from animals e.g. citrus, Darranta. 


6. Climbing - Tendrils or hooks are modified branches or buds. They coil around 
the support and help the plant to climb e.g. grape vine 


1. Give one primary function of stem. 


INTEXT QUESTIONS 7.4 


3. Match the following in column A with column B 


A B 
(a) Opuntia (i) Conduction 
(b) Duranta (ii) Storage of food 
(c) Ginger (iii) Photosynthesis 
(d) Potato (iv) Perennation 
(e) Stem (v) Protection 


Sa I ct A a ce en AI 

7.1.8 Internal (anatomical) structure of stem 

The internal structure can be studied if you cut the stem transversely and observe 

it under a compound microscope. 

A. Internal structure of dicot stem ( e.g., Sunflower) 

In a transverse section of a young dicot stem you will see the foll: 

(Fig. 7.5a and 7.5b) 

1., Epidermis - Outermost single layered, covered with cuticle, bears 
hairs, protective function. 
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e Hypodermis - 4-6 layers of collenchyma for mechanical ‘support. 


svt bas 219 


e Middle layers - Few layers of parenchyma!" 


e Endodermis - Innermost layer of cortex, has barfél’shapéd cells.’ As cells 
contain starch:grains, jitcis; also-called starch) sheathy;s)¢ - I 


3. Stele - All ‘the ‘tissues lying intemal to’endodermis* constitute ‘the stele. 


(i) Pericycle - Inner to endodermis, multilayered, parenchymatous with 
patches. of ‘selerenchyma. ” mge » Hodsgegoig ; 


Gi) Vascular bundles - Arranged in a ring (Fig. 7.5a); each vascular bundle 
ys (djċónjoint (xylem “and “phloem! together in” 6né /bundle),” 
(b) collateral (xylem and phloéim on the Same radius with phloem towards 
the periphery) and (c) open (cambium‘present.in! between xylem: and 
, phloem), Xylem is, endarch (protoxylem, towards, centre and metaxylem» 
towards periphery). HOC . : i 


SGI .9.5 BIBLES M 


oO 
‘General Cortex 5 
(Parenchyma) |? 
Endodermis 3 
— Sclerenchyma © 
“(Hard Bast)’ J°5 

& 
‘2 
kei 
E 
a 
oO 
5 
F 
O 
Ki 
> 

i a 
i Z adako anouy fac T 
(bimn banog i 

iaVvotnte 2.9 ) 932 109ib 10 siure Is : 

Fig. 7.5 T.S. Dicot stem. a Diagrammatic b. portion a Raunt Isnisial .# 

9 A 


(iii) Medullary rays - Narrow regions of parenchymatous cells in between 
i pas > 7 i 
the vascular bundles. a DOR G ry) 


 isiyiieonin cigs slonu diiw barsvoo .bsiovel olomis taonmanat pitty 
| (iv) Pith - The central parenchymatous zone with intercellular $ 
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A transverse section of monocot stem reveals the following structure (7.6a and b) 
1. Epidermis - Single layered, covered with cuticle, stem hairs absent. 


2. Ground tissue- A mass of parenchymatous tissue. Only a few peripheral layers 
below epidermis are sclerenchymatous called hypodermis. Notes 


1. Vascular bundle- Numerous, scattered in the ground tissue each enclosed 
by sclerenchymatous bundle sheath. Each bundle is 
(a) cotlateral and (b) closed (no cambium strip between xylem and 
phloem) with (c) endarch xylem. Xylem occurs in the form of letter “Y 
‘and innermost protoxylem disintegrates to form a water cavity. 


Epidermis 
-Hypodermis 
@ @e@\ (Sclerenchyma) 


CRUSHED PHLOEM 


LFZ 


Epidermis 
Hypodermis 


(Sclerenchyma) ` 
Proto-xylem 


Proto-xylem cavity 


Xylem parenchyma 


Fig. 7.6 T.S. Monocot stem. (a) Diagrammatic (b) A portion enlarged 
(c) A vascular bundle magnified. 


Differences between dicot and monocot stem and root and stem are given in Tables 
7:5 and 7.6 
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Characters 
U 
F 1. Epidermal hairs 
2. Hypodermis 
Notes 3. Ground tissue 


d 


4. Vascular bundles 


5. Secondary growth L 


Present 
Collenchymatous 
Differentiated into cortex, 
endodermis, pericycle, pith 
and medullary rays 

(i) Number not very large 


(ii) Uniform in size 


(iii) arranged im a ring 
(iv) open 

(v) bundle sheath absent 
(vi) xylem vessels arranged 
in a radial row 


(vii) water cavity absent 


Present 


Table 7.5 Differences between monocot stem and dicot stem 


Monocot stem 
Absent 
Sclerenchymatous 


Undifferentiated 


(i) Numerous 

Gi) smaller near periphery, 
bigger in the centre 

(iii) scattered 

(iv) 

(v) bundle sheath present 

(vi) 


closed 


xylem vessels arranged 
in shape of letter “Y” 
(vii) water cavity present 


Mostly absent 


Table 7.6 Anatomical differences between stem and root 


Characters 


1, Cuticle 
2. Hair 
3. Ground Tissue 
4. Cortex 


5. Pericycle 


6. Vascular bundles 


. Xylem 


Present 
Multicellular 
Differentiated 

Narrow (dicot) or 
undifferentiated (monocot) 
Many layered, of 
sclerenchymatous and 
parenchymatous cells 
Many, conjoint and 
collateral 

Endarch 


Absent 
Unicellular 
Differentiated 
Wide 


Single layered, of 
parenchymatous cells 
only 


Fixed number, radial 


Exarch 


1. Differentiate between conjoint and collateral vascular bundle. 
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4. If you want to study the internal structure of a monocot and a dicot stem, name } Plants and Animals 
the plants you would select for the study. 


7.1.9 Secondary growth in stem 
You have learnt in lesson 6 about the secondary growth in dicot roots and its 
importance, let us study it in stem. It occurs only in dicot stem a little away from 
the shoot apex and helps the plant to (a) grow in girth (thickness) and (b) makes 
it very strong to stand upright for many years. That is why you see that very tall 
trees can withstand strong winds, lashing rains ete without falling down but 
monocot plants like wheat, rice, maize, grasses etc., bend due to, absence of 
secondary growth in their stems. 
Growth in thickness in dicot stem becomes possible due to the formation of new 
tissues entirely by the activity of two lateral meristems -(i) Vascular cambium 
(ii) Cork cambium (Fig,7.7 a-d).These tissues thus formed are known as secondary 
tissues and growth in girth is referred as secondary growth. 
(i) Activity of vascular cambium -Forms secondary vascular tissue as follows 
© The strip of cambium present in the vascular bundle is called Fascicular 
Cambium (Fig 7.7a) 
© Thecellsofmedullaryraysadjoiningthestripof vascular(Fascicular)cambium 
become meristematic and form interfascicular cambium( Fig. 7.7b). 
e Both fascicular and inter-fascicular cambium join to form a continuous 
cambium ring (Fig.'7.7b,c) 
Med rays Phellem or cork 
á Phellogen 


Primary Phloem 
Fascicular cambium 


Secondary phloem 
Interfascicular cambium Cambium ring. 


(a) Oras (c) ; (d) 
Fig. 7.7 (a-d) T. S. Dicot Stem- Various stages in secondary growth (Diagrammatic) 
© Cambium divides and adds cells on internal side (towards pith) which 
mature into secondary xylem and cells added towards external side 
(periphery ) mature into secondary phloem (Fig 7.7c). 
e Amount of secondary xylem produced is more than secondary phloem 
(Fig7.7d) 
(i) ‘Activity of cork cambium-Forms periderm as follows : 
` @ Cork cambium or phellogen develops in the cortex. 


ee 
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Plants and Animals @ Phellogen divides and adds cells on both the inner and the outer side. 


@ The inner cells differentiate into phelloderm or secondary cortex while 
outer cells into phellem or cork (Fig.7.7d). 


a @ Cork cells are compactly arranged and become dead and suberized 
Notes is , 3 : : Š f S i 
(deposition of suberin) except in regions of lenticels (Fig. 7.8) where cells 
are loosely arranged (complimentary cells) and non-suberized. It is 
through the lenticels that woody branches and tree trunks can undergo 
gaseous exchange. 


@ Phellogen, phelloderm and phellem together constitute the periderm 
(Fig7.8).Due to internal increase in thickness, periderm replaces the 
epidermis, becomes protective in function. 


e@ All the dead cells lying outside the active phellogen constitute the bark. 


eae pera Mette -t\ 


R Bark 
py Epidermis 
Cork 
Cork-cambium Périderm 
Secondary Cortex: 
Collenchyma 

Cortex 


Sclerenchyma 
Secondary 
Phloem 
Cambium 
Autumn wood 


Secondary First 
medullary ray Rin 
Spring wood ~ 


Primary wood 


Pith 


Fig. 7.8 T.S. of old stem A Portion enlarged 
In Betula bhojpatra bark peels off like sheets of paper. Ancient manuscripts are 
still preserved on them. Cork tissue becomes very thick in Cork tree (Quercus 


suber) and is used commercially as, bottle-stoppers, insulators, shoe 
soles ete. 
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1. Name the two lateral meristems which ‘are responsible for increase in girth of 
stem. 


7.1.10 Wood 
Wood is the secondary xylem produced by the activity of vascular cambium in dicot 
stem. 


Annual Rings (A secret to know the age of tree) 

In temperate regions, the climatic conditions show pronounced seasonal variations. 
The activity of vascular cambium also becomes periodical as a result distinct growth 
layers are formed in xylem. In spring season cambium is very active and produces 
a greater number of vessels with wider cavities. The wood formed during spring 
is called early wood (or spring wood). In summer, cambium is less active and 
forms narrow vessels, this wood is called late wood (or summer wood). These 
two kinds of woods in a transverse view appear as alternate concentric rings 
together forming an annual ring (Fig 7.8). By counting the number of these rings 
we can know the age of a tree. Science dealing with predicting the age of a tree 
by counting the annual tings is called as Dendrochronology. ’ 


Sap Wood and Heart Wood 

Outer part of wood which is functional and consists of recently formed secondary 
xylem having some living cells is called sap wood. As the plant ages in the central 
part of stem, the inner cells of sap wood becomes non-functional and dark in colour 
it is called heart wood (Fig 7.9) 


MODULE - 2 


Forms and Function of ae Phloem 
Plants and Animals Reason 
Bark Hess Sapwood 
EELS 
hep Se 
e Heartwood 


ENN 


Annual rings 


4 Xylem rays 
if 


$ 
% 


P 


XO ‘eh 


Fig. 7.9 T.S. old stem showing Heart wood and Sap woos. 


Table 7.7 enlists the main differences between sap and heart wood. 
Table 7.7 Differences between wood and heart wood 


SAP WOOD 


HEART WOOD 


1. It is the outer wood of an old stem 


2. Light coloured 


3. Contains living cells 


4. Wood is lighter in weight 


| E 


5 Less durable because of susceptibility 
to attack of pathogens 


It is the central wood of an old stem 


Dark coloured due to presence of gums, 
resins, oils, tannin etc. 


Living cells are absent 
Heavier in weight 


More durable, resistant to attack of the 
pathogens 


_6, Commercially less valuable Commercially morë valuable 


S So ESET A le o uu 
Mechanical tissues in stem -The stem of a tall tree needs to i) resist against pulling 
forces of wind and ii) to stand erect against gravity. Stem gets this strength from 
- Sclerenchyma in hypodermis and it’s patches in the pericycle and secondary 
phloem, abundant lignified vessels, tracheids and fibres in secondary xylem i.€. 
wood and sclereids in pith. 


` QUESTIONS 7.7 


2. How can you determine the age of a tree? 


3. Why is heart wood commercially more valuable? 
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Leaf is a flattened and expanded lateral appendage of stem or branch developing 
from its node. It originates from leaf primordium formed by the shoot meristem 
and bears a bud in its axil called axillary bud. It is the seat of very important 
physiological processes like photosynthesis, transpiration and respiration. Besides 
protecting axillary buds ,leaf can get modified into structures for storing food and f 
water, climbing, vegetative propagation etc. 


7.2.1 Structure of Leaf 

A typical leaf has three parts (Fig. 7.9) 

(i) Leaf base - Lower most part of leaf by which it is attached to the stem node. 
It may be expanded as sheath (in monocots) or bear lateral outgrowths 
(stipules) as in dicots. 

(ii) Petiole - Is the stalk of leaf. Leaf can be petiolate ( with petiole) as in many 
dicots or sessile ( without petiole) as in most monocots. Petiole may get 
modified and swell (e.g. water hyacinth) or develop wings (e.g. orange) or 
become flat like a leaf (e.g. Australian Acacia) 

(iii) Lamina or leaf blade- It is a green, thin, flattened and expanded part of leaf 
with veins and veinlets traversing through its surface. The most prominent vein 
running from base to apex and present in the middle of leaf blade is called 
mid rib. Veins provide support and conduct water, minerals and prepared food. 


Leaf shows a lot of variation in - 
(i) Shapes of lamina (Fig.7. 10 ) 
(ii) Leaf apices (Fig. 7.11 ) 

. (iii) Leaf margins (Fig.7.12 ) 


Fig. 7.9 Leaf and its parts Fig. 7.10 Variations in leaf shape. 
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Fig. 7.11 Variations in Leaf apices 


Fig. 7.12 Variations in Leaf margins 


7.2.2 Venation in leaves 


Arrangement of veins and veinlets in the lamina is known as Venation. It is of 
two types 


e Reticulate venation -veins forming a network e.g. dicots (Fig.7.13A-a,b) 


e Parallel venation -veins arranged in parallel rowse.g. monocots (Fig.7.13B c,d). 


@ Reticulate and parallel venation may be unicostate (Fig. 7.13 a,c one mid rib, 


giving out secondary veins like in feather, hence pinnate or multicostate 
' (Fig. 7.13 b, d many strong veins spreading out from a common point like 
fingers from palm, hence palmate) as seen in Fig.7.13. 


Reticulate 
network 


” Strong veins 
Pinnate from pellicle (a) (b) 
(a) Palmate 
(b) 


(A) Reticulate Venation (B) Parallel Venation 


(a) Unicostate (Peepal) 


(a) Unicostate (Canna) 
(b) Multicostate(Grape vine) 


(b) Multicostate(Palm) 
Fig. 7.13 Types of Leaf venation 
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5. What is the prominent vein called which is present in the middle of lamina and 
runs from base to apex? 


7.2.3 Types of leaves 

There are two types of leaves Simple and Compound. Since a leaf bears a bud 
in its axil, you can recognize a compound leaf from a simple one by locating the 
axillary bud. A bud is present in the axil of both simple and a compound leaf but 
not in th axil of leaflets. The differences between the two types of leaves are given 
in table 7.7 


Table 7.7 Differences between Simple and Compound leaf 


Compound leaf 


Simple leaf 


The lamina is divided into many 
segments called leaflets (Fig. 7.14) 


Incisions touch the mid rib (Fig. 7.15) 


1. The leaf has a single undivided 
lamina (Fig. 7.9) 

2. If divided, the incision does not touch 
the mid rib (Fig. 7.13d) 


Types of Compound leaves - They are of two types as shown in table 7.8 
Table 7.8 Types of compound leaf 
Palmate 


Leaflets radiate from the end of petiole 
like fingers of a palm (Fig. 7.14 ) 


Pinnate 


1. Leaflets are attached to mid rib or rachis 
and are arranged laterally (Fig 7.15) — 
Depending upon the number of leaflets 
compound leaves are bifoliate, trifoliate, 
quadrifoliate and multifoliate (Fig.7.14) 


2. Leaflets and mid rib may get further 
divided to form compound leaves that 

are unipinnate, bipinnate, tripinnate and 

decompound (Fig. 7.15) 
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Axillary Quadrifoliate — Multifoliate 


bad Bifoliate Trifoliate 
Palmately 


compound leaf Fig. 7.14 Palmately compound leaf and its types 


Axillary bud Paripinnate Imparipinnate Bipinnate Tripinnate , Decompound 


Pinnately x 
compound leaf Fig. 7.15 Pinnately compound leaves and its types 


Unipinnate 


1. Name the structure to which the leaflets are attached in a compound leaf. 


seesedeecenscescsuscscessecopasesesebesnseuneresnaven wey aA 


Aim - To collect and study a few leaves. 


Material required — Collect leaves of peepal, neem, banana, palm, rose, grass, 
imli and tulsi. 
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Method - Observe the following features in the collected material 
(i) Simple or compound leaf 
(ii) Reticulate or Parallel venation. 


On the basis of the type of venation group the leaves into monocot and dicot leaves. 


“7.2.4 Phyllotaxy 
It is the arrangement of leaves on stem or branch. The arrangement of leaves is 
such that they get appropriate amount of sunlight for photosynthesis. It is of three 
types 
(i) Alternate (Fig. 7.16d) - a single leaf arising at each node e.g. china rose, 

mango. 
(ii) Opposite (Fig. 7.16a-b) - Leaves occur in pairs at each node. This arrangement 
may be 
(a) Decussate (Fig. 7.16a) - When the pairs of leaves at upper and lower 
nodes are at right angles e. g “Tulsi”, Galotropis 
(b) Superposed (Fig. 7.16b) - when the leaf pairs at upper and lower nodes 
are exactly in the same plane e.g. guava 


(iii) Whorled (Fig. 7.16c) - There are more than two leaves at each node arranged 
in a circle or whorl e.g. Nerium. 


(a) (b) © (d) 


Fig. 7.16 (a-d) Phyllotaxy- (a) Opposite-Decussate; (b) Opposite-Superposed; 
(c) Whorled; (d) Alternate ` 


7.2.5 Modifications of leaves 
Although the function of leaves is to synthesize food, in some cases they get 
modified into distinct structures to perform special functions like support and 
protection to plant, storage of food and water or to catch insects as in case of 


insectivorous plants (Table 7.9). 
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Table 7.9 Modifications of leaves 


Shoot Systém 


Characters 


= 


Examples 


1. Leaf Tendril 
(Fig.7.17a) 


2. Spines 
(Fig 7.17b) 


3. Phyllode 
(Fig. 7.17c) 


4. Leaves of 
Insectivorous 
plants 
(Fig. 7. 17d, e) 


Thin wiry, closely coiled sensitive 
structure that helps the plant to climb 


The leayes are modified into sharp 
and pointed structures which protect 
the plant and help in reducing 
transpiration. 


The petiole of compound leaf 
becomes flattened leaf like and helps 
in photosynthesis; the leaflets gradually 
disappear : 


In pitcher plant the whole leaf gets 
modified into pitcher while: in 
bladderwort some segmented leaves 

get modified into bladders. They help in 
trapping insects 


Heterophylly (heteros = different)- 
leaves in the same plant , 


1. What is the type of phyllotaxy found in mango, 


Pea, Glory lily 


Prickly poppy 
(Argemone) 
Opuntia, Aloe 


Australian acacia 


Pitcher plant 
(Nepenthes) 

Bladderwort 
(Utricularia) 


©) 


(c) Pitcher plant; (d) Bladderwort 


Bladder 


(d) 


Fig. 7.17 Modifications of Leaf a-d (a) Leaf tendril; (b) Spines; 


Some plants show more than one type of 
a this phenomenon is called heterophylly. It is found in 
some plants which remain partly submerged in water e.g. Water chestnut, Limnophila 


‘tulsi and guava plants? 
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2. Match the following of column A with that of column B Plants and Animals 
A B 
(a) Pitcher (i) Photosynthesis 
(b) Spines (ii) Climbing 
(c) Phyllode (iii) Trapping insects 
(d) Tendril (iv) Protection 


3. Give two examples of insectivorous plants. 


4. Water chestnut shows two different types of leaves on the same plant, what is 
such a condition known as? 


7.2 6 Functions of Leaf 
Leaf performs following functions : 


(i) Photosynthesis -Leaves manufacture food in the presence of sunlight. 


(ii) Exchange of gases - Stomata help in exchange of gases which are important 
for respiration and photosynthesis. 


Gii) Transpiration -Evaporation of excess of water in vapour form takes place 
through stomata which helps in ascent of sap and cooling of leaf surface. 


(iv) Guttation - Exudation of excess of water containing salts takes place in liquid 
form from leaf margins in plants growing in humid climate. 


(v) Modifications for special functions - In certain plants leaves perform 
functions like manufacturing and storing food, providing support and protection, 
vegetative propagation and trapping insects. 


7.2.6. Internal structure of leaf (Figs. 7.18-19) 

A General features 

© Leaves of most dicot plants are dorsiventral (oriented horizontally, with 
differentiated mesophyll) where as those of monocots are isobilateral (oriented 
vertically, mesophyll undifferentiated). 

e VS. of leaf shows three main parts (i) Epidermis (ii) Mesophyll (iii) Vascular 
system. 

G) Epidermis - Present on both upper and lower surface of leaf, Some 


epidermal cells form stomata which help in exchange of gases for 
photosynthesis, respiration and evaporation of water vapour during i 
transpiration. 

Gi) Mesophyll - Consists of chloroplast - containing parenchyma 
(chlorenchyma) and is responsible for carrying out photosynthesis. It is 
differentiated into palisade and spongy cells. 
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~ Cells are radially elongated, compactly arranged. 


— Possess abundant chloroplasts 


— Notes @ Spongy cells - Occur below the palisade cells 


— Cells irregular and loosely arranged - Contain fewer chloroplasts 
— Store gases in the inter cellular spaces 
Gii) Vascular Bundles - They are collateral and closed 


~ In each bundle, xylem is located on upper side (dorsal) and phloem on 
lower side (ventral) 


— Most vascular bundles are surrounded by colourless parenchyma called 
bundle sheath or border parenchyma. 


* Upper epidermis 
Palisade 
parenchyma 
Bundle sheath 
Xylem 

Phloem 


parenchyma 


Sub-stomatal 
cavity 


Bundle sheath extension Lower epidermis 
Fig. 7.18 V.S. of a dicot (Dorsiventral) Leaf 


Bulliform cells 


Deses [ - Lower epidermis 


Stoma 
Sclerenchyma Sub-stomatal chamber 


Fig. 7.19 V.S. of a Monocot (Isobilateral) Leaf 
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Structure of stomata Plants and Animals 
Single stoma is made up of two semi circular guard cells surrounding a pore (Fig. 
7.21 ) The guard cells contain chloroplasts and regulate the opening and closing 
of stomata. Stomatal pore opens into the inter cellular spaces (substomatal cavity) 


of mesophyll (Fig. 7.19). The number, shape and distribution of stomata vary 
(Table 7.10) Notes a 


Table 7 .10 Distribution of stomata. 


Stomatal characters 


Guard cells semicircular, 
occur generally on lower surface 


. Dicots Mango, neem 


l 2. Monocots Guard cells dumbbell Maize 
| shaped, occur on both the surfaces 
3. Xerophytes To reduce transpiration- Nerium 
(i) occur only on lower surface, 
(ii) are less in number, 
(iii) may be sunken 
i - 4. Hydrophytes 
i — with floating Occur only on upper surface Lotus 
leaves 
— with submerged Stomata absent Hydrilla 


leaves 


Now you can compare the internal structues of dicot and monocot leaves from Figs. 
7.18-19 and Table 7.11 
Table 7.11 Difference between internal structure of Dicot and 


Monocot Leaf 


Dicot leaf 
(Dorsiventral leaf) 


Monocot leaf 
(lsobilateral leaf) 


1. Epidermis 
Occur both in upper and 
lower epidermis 


Occur generally in lower 
epidermis 


(i) Stomata 


Gi) Bulliform celly Absent Present 
2. Mesophyll Differentiated into palisade Only spongy parenchyma 
and spongy parenchyma present 
3. Vascular system (i) in the form of network (i) in rows 


(ii) vascular bundle 
generally of same size «© 


Gi) vascular bundle in mid rib 
region is large, rest small 


B. Special features 
; (i) Bulliform Cells (Fig 7.19) 
e These are special type of cells (motor cells) found on upper surface of 
leaf (e.g. maize, bajra, jowan- pa ; 3 
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Shoot System 


Leaf rolls when these cells lose water due to high evaporation. 


> © Thus, under dry conditions they help in reducing the loss of water vapour 
through stomata. 


Notes | (ii) Hairs 


© Hairs are present especially on leaves of plants growing in dry conditions. 
They check the rate of transpiration. 


© They protect the leaf from bright sunlight, high temperature and air 
pollution. 


(iii) Hydathodes (water stomata) 


© These are specialised structures (Fig.7.20) present in leaves of angiosperms 
(garden nasturtium) occurring in humid climate. ; 


© Through these excretion of water in liquid form (guttation) takes place. 


Guard cell 
Stomatal chamber 


Inter cellular. 4 . Guard - 
space 48 A Epithem T E Epidermal cells 
% MRS 
Hl 
Epidermis r] 


Fig.7.20 Hydathóde Fig, 7.21 Stoma from a dicot leaf 
Table 7.12 Difference between Stomata and Hydathode 
Characters Hydathode Stomata 
1. Size Large Small 
2. Location Located at vein endings near Present throughout the leaf 
leaf margins only surface 
3. Structure Always remain open They open and close 
4. Loss of water Water comes out in liquid form Water loss is in vapour form 
and contains dissolved salts 
5. Occurrence Found in plants of humid areas In plants occurring in all 
climates 
6. Physiological Guttation _ Transpiration 
process 
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1. How is the mesophyll tissue of dicot leaf different from that of monocot leaf? 
What is it’s function? — 
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3. Name the structure through which plants growing in humid areas get rid of 
excess of water in liquid form. 


4. Match the following of column A with that of column B 


A B 
(a) Bulliform cells (i) Protection 
(b) Transport of water and mineral salts (ii) Guttation 
(c) Stomata only on lower surface (iii) Monocot leaf 
(d) Hydathode (iv) Dicot léaf 
(e) Hair (v) Stomata 
(f) Exchange of gases j (vi) Xylem 


7.3 FLOWER 


Flowers are a thing of beauty for us but for the plants they are vital as they are 
the seat of sexual reproduction. They produce fruits and seeds. 

A flower is a modified shoot because it-has (i) nodes very close to one another 
and (ii) floral leaves arranged in successive whorls. 


7.3.1 Parts of a typical flower (Fig 7.22) ! 

Take a flower of any colour or size growing in your area, you'll find it’s basic plan 
to be the same i.e. the flower is a borne on a stalk called pedicel. The pedicel has 
a swollen tip known as thalamus or receptacle on which are borne four whorls 
successively in definite order as given below : 


Accessory whorls 

1. Calyx (collection of sepals) - The outer most whorl of green sepals whose main 
function is protection. : 

2. Corolla (collection of petals) - The next whorl of variously coloured petals. 
They help in attracting insects for pollination. 


Reproductive whorls ; 

3. Androecium (male reproductive part) consists of collection of stamens. Each 
stamen has a long slender filament with a bilobed anther at it’s tip with a 
connective. Anthers produce pollen grains for pollination. 
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Plants and Animals 4. Gynoecium (female reproductive part) - centrally located. It consists of a 
collection of carpels or pistils. Each carpel has three parts - 

e Ovary - It is the swollen basal part, one to many chambered (called 


locules) containing ovules which get fertilized to form seeds and the 
ovarv forms the fruit. 


Fig.7.22 A typical flower 


© Style - It is the elongated tube connecting ovary and stigma. 
© Stigma -It is the receptive surface for pollen. 


Common variations in flower and its floral parts -Flowers show a lot of 
variations, some of which you can study from the table 7.13 


Table 7.13 Variations in flower 


Characters 
All 4 floral whorls present 
Any one or more of floral whorl is absent 
Both reproductive organs i.e. stamens and 

“- carpels present 
Only one reproductive organ present 
Only stamens present 

+ Only carpel present 


1. Complete/Perfect flower 
2. Incomplete/Imperfect flower 
3. Bisexual (Hermaphrodite) 


4. Unisexual 
(i) Staminate or male flower 
(ii) Pistillate or female flower 
(iii) On the basis of occurrence 
of unisexual flowers, plant is 
(a) Monoecious Both male and female flower occur 
on same plant e.g., cucumber 
Male and female flower occur on 
on different plants e.g., papaya 
Both stamens and carpels are absent 
If it can be divided into two equal halves 
through any vertical plane e.g., mustard 
If it can be divided into two similar halves 
only through one particular plane e.g, pea 
It cannot be divided into two similar halves 
in any vertical plane e.g., Canna 


(b) Dioecious 


5. Neuter flower 
6. Actinomorphic (Regular) flower 


7. Zygomorphic (irregular bilateral) 


8. Asymmetrical (Irregular) 
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A. Variations in sepals and petals Plants and Animals 
(i) Polysepalous and Polypetalous (poly - free)- sepals or petals are free 
respectively. 


(ii) Gamosepalous and Gamopetalous (gamo - united)- all sepals or petals are 
fused. 


(iii) Perianth - Sepals and petals not distinguishable e.g. onion Notes 
B. Variations in Stamens (Fig. 7.23) 
The stamens show variation in their cohesion (fusion). 


(i) Monadelphous - filaments fused into one bundle but anthers are free e.g. 
china rose 


(ii) Diadelphous — filaments fused to form two bundles e.g. pea 
(iii) Polyadelphous-filaments fused to form many bundles e.g., lemon 
(iv) Syngenesious — filaments are free but anthers are fused e.g. sunflower 
(v) Synandrous — stamens are fused throughout the length e.g., cocks-comb. 
Other variations in stamens are as follows 
(vi) Epipetalous — stamens are attached to petals but anthers are free e.g., 
brinjal 
(vii) Didynamous — four stamens, two short and two long e.g. tulsi 
(viii) Tetradynamous — six stamens, inner four are long and outer two are short J 
e.g., mustard 


Monoadelphous ~Diadelphods Polyadelphous Syngenesious Synandrous 


Fig. 7.23 Cohesion (fusion) of stamens. 
C. Variation in Carpel 
On the basis of number of carpels, flowers may be 
(i) Monocarpellary — hynoecium having one carpel e.g. pea. 
(ii) Polycarpellary — many carpels (e.g. china rose). it may be — 
(a) syncarpous - carpels are fused e.g. tomato, mustard 
(b) apocarpous — carpels are free e.g. Ranunculus, lotus. 


7.3.1a Position of floral whorls on thalamus with respect to ovary 
Flower could be of three kinds (Fig, 7.24) mi. 
us, other three 


(i) - Hypogynous - ovary occupies the highest position 0 on thalam h 
whorls are sucessively below it. Ovary is said to be superior e.g. china rose, 
mustard. è Ñ 
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Plants and Animals (ii) Perigynous - The thalamus is disc-like on which the carpels are borne in the 
centre and rest of floral whorls are located on rim of thalamus. Ovary is said 
to be half inferior e.g. peach, plum, pea. 
(iii) Epigynous -thalamus forms a cup- shaped structure; and encloses the ovary 
SS completely and fuses with it. The other whorls are positioned above the ovary. 
Notes The position of ovary is now inferior e.g. sunflower, cucumber. 


(a) Hypogynous , 


(b) Periogynous (c) Epigynous 
Fig. 7.24 Position of floral parts on thalamus 


Do you know 
Some plants like cashew nuts and mango have neuter, bisexual and 


unisexual flowers on the same tree. 


7.3.2 Placentation 

It is the manner in which placentae are distributed in the ovary. Placenta is the point 

of attachment of ovules (or future seed) to the ovary. 

Types of placentation (Fig. 7.26) í 

(i) Marginal - The ovary is one chambered and ovules are arranged along the 
margin of the ovary. e.g. pea, gram. 

(ii) Axile - Ovary is many chambered and ovules present on the placenta develop 
from the central axis of ovary e.g. China rose, tomato, bhindi, 

Gii) Parietal - Ovary is one chambered and ovules are attached in its inner wall 
where margin of adjoining carpels meet e.g, mustard, cucumber, _ 

(iv) Basal — Ovary is one chambered and placenta develops at the base’ of ovary 
and bears a single ovule e.g. sunflower. 


(v) Free central — gynoecuum is syncarpous and polycarpellary but unilocular as 


Septae are absent. In the central part the placenta bears many ovules e.g. 
Dianthus, Primula, 


(a) (b) 


Fig. 7.25 Types of placentation (a) Marginal, (b) Axile, (c) Parietal, 
(d) Free central, (e) Basal, (f) Superficial 


| 180 | BIOLOGY 
ae trl 


Siete eee MODULE - 2 


s y i Forms and Function of 
(vi) Superficial - Ovary is polycarpellary syncarpous and multilocular in which } Plants and Animals 
entire inner walls of chambers are lined with placental tissue so that ovules 
develop all around e.g.,water lily (Nymphaea) 


2. Match the following of column A with column B 


A B 
(a) Flower (i) China rose 
(b) Polycarpellary (ii) Pollination 
(c) Petals (iii) Reproductive organ 
(d) Monodelphous (iv) Many carpels 
(e) Carpel (v) Modified shoot 


3. Define placentation. 


4. Name the type of placentstion where ovary is many chambered and ovules are 
arranged on the central axis. 


7.4 INFLORIESCENCE 
Inflorescence is the “arrangement of flowers on the floral axis called peduncle. 
‘Inflorescence could be terminal or axillary. 


7.4.1 Types of inflorescence 

The various types depend upon the type of branching of peduncle and arrangement 
of flowers. There are two major types of inflorescence 

(i) Racemose. The main axis does not end in a -flower but continues to grow. 


(ii) Cymose. The main axis ends in a flower and the growth is limited. 
The major differences between the two are given in table 7.14 


Table 7.14 Differences between Racemose and Cymose 
inflorescence 


Growth is limited 
Axis ends in at flower 

Flowers in basipetal order (terminal 
flower is older) 


Main axis shows unlimited growth 


2. Axis does not terminate in a flower 


3. Flowers occur in acropetal order (oldest 
flower below and youngest near the apex) 
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Plants and Animals Table 7.15 Types of Racemose Inflorescence 
(Fig. 7.20) 


%, 


A. With main axis elongated 


Notes 


Examples 


1. Raceme Flowers present on the floral axis are stalked Mustard 


2. Spike Like raceme but the flowers are sessile Achyranthes (‘Latzira’) 
3. Spikelet Cluster of one or more flowers (florets’ and Wheat 

s their associated bracts 
4. Catkin Like spike but the axis is pendulous bearing Mulberry 


unisexual flowers 


5. Spadix Colocasia, banana 


Like spike but the axis is fleshy and enclosed 
by a large showy bract (Spathe) 


B With main axis shortened 


Examples 


6. Corymb Lower (older) flowers have Candytuft 
longer stalks than the 
younger ones, thus all 
flowers come at same level 

7. Umbel Flower with stalks of equal Coriander 


length arising from the same, 
point 


C. With main axis flattened 


Main axis is flattened into 
convex receptacle on which 

sessile flowers (florets) are arranged 
in centripetal order (older towards 
periphery), Whole inflorescence is 
surrounded by involucre of bracts 
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Raceme Spike Spikelet Catkin 
Corymb Umbel Capitulum 


Fig. 7.26 Types of Racemose Inflorescence 


Table 7.16 Types of cymose inflorescence 
(Fig. 7.27) 


Main axis ends in a flower. A lateral 
branch comes from one side and ends 

in a flower 

Two lateral branches develop form either 
side of terminal flower and each branch 
ends in a flower 

Number of lateral branches come from 
the sides of terminal flower, each lateral 
branch ends in a flower. 


SeT 


rig. /.4/ Lypes or Cymose intiorescence (a) Monocnasiat, 
(b) Dichasial, (c) Polychasial 


1. Monochasial cyme 
(Fig. 7.27a) 

2. Dichasial cyme Dianthus, jasmine 

(Fig. 7.27b) 


3. Multichasial cyme Calotropis 


(Fig. 7.27¢) 
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1. Hypanthodium (Fig.7.28a) - The fleshy receptacle forms a cup like cavity and 
has an apical opening. The male and female flowers are borne on the inner wall 
of the cavity e.g. Fig, Peepal 

2. Cyathium (Fig. 7.28b) - A type of inflorescence characteristic of Euphorbia, 
in which a cup shaped involucre encloses a single flower surrounded by a 
number of male flowers. A nectary is present at the rim of involucre, 

3. Verticillaster (Fig. 7.28c)- It is a series of condensed dichasial cyme at each 
node with a cluster of sessile flowers in the axil of leaves e.g. Ocimum (Tulsa), 
Salvia, 


Ostiole 


Male flower 


Fig.7.28 Special type of Inflorescence- (a) Hypanthodium, 
j (b) Cyathium, (c) verticillaster 


Q 


1. What is a cyamose inflorescence? 


INTEXT QUESTIONS 7.13 


A true-fruit is a ripened ovary that develops after fertilization. Ovules develop into 
seeds and the ovary wall matures into fruit wall which is now called pericarp. The 
pericarp may be thick or thin. In fleshy fruits like mango, pericarp is thick and 
differentiated into three regions-(a) epicarp forms the skin of the fruit 
(b) mesocarp, middle pulpy and (c) endocarp inner hard and stony (coconut, 
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mango) or often thin membranes (orange). In dry fruits pericarp, is thin, dry, papery f Plants and Animals 

or thick and woody and but not divided into three regions. 3 

Sometimes along with ovary other floral parts like thalamus, receptacle or calyx 

may develop as part of fruit, such fruits are-called false fruits. e.g. apple, pear 

(thalamus), fig (receptacle). ' 


Parthenocarpic fruit -It is a fruit that develops without fertilization. It is seedless 

or has non-viable seeds e.g, banana, grapes. Horticulturists are producing such fruits 

artificially. 

7.5.1 Kinds of fruits - There are three basic types 

1. Simple fruit - Develops from single mono-to polycarpellary, syncarpous (fused) 
ovary e.g, pea, tomato. i 


2. Aggregate fruit - Collection (etaerio) of simple fruits or fruitlets on same 
thalamus developing from polycarpellary, apocarpous (free carpels) ovar; «s.» 
Calotropis 


3. Composite or multiple fruit - Fruit develops from a number of flowers 
juxtaposed together or from inflorescence e.g. mulberry, pineapple. 


Table7.17 Major categories of fruits 


(i) Legume - pea, 
bean, groundnut 


(ii), Siliqua - mustard 
(iii) Follicle-Calotropis 
(iv) Capsule-cotton, poppy, ‘bhindi’ 


Dehiscent 


(i) Caryopsis-wheat, rice 
(ii) Nut-almond, cashew nut 


(iii) Cypsella-sunflower, marigold 


Indehiscent 
1. Simple 
(iv) Samara-yam, hiptage 

(i) Drupe-mango, coconut 

(ii) Berry-tomato, banana, date palm 


(iii) Pepo-cucumber, watermelon 


(iv) Hesperidium-lemon, orange 


(v) Pome-apple, pear 
(i) Etaerio (cluster) of drupes Raspberry 
(ii) Etaerio of achenes-strawbery, rose 
(iii) Etaerio of berries custard apple 
(iv) Etaerio of follicles-periwinkle, 
larkspur 
(i) Sorosis-pineapple, mulberry, jackfruit 


Syconus-Fig. 


2. Aggregate 


3. Multiple or 


composite 
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ne Table 7.18 Common Fruits nnd their edible parts. 
q Name Edible Part 
Q 1. Banana Berry — simple, fleshy Mesocarp and Endocarp 
ss 2. Apple Pome — simple, fleshy Fleshy thalamus 
Notes f3. Coconut Fibrous Drupe — simple, fleshy Endosperm 
4. Custard Apple Etaerio of Berries — aggregate Pericarp 
5. Date Palm Berry — simple, fleshy Pericarp 
6. Cashew Nut Nut — simple, dry indehiscent Peduncle and Cotyledons 
7. Mango Drupe — simple, fleshy Mesocarp 
B. Orange Hesperidium — simple, fleshy Juicy hairs from endocarp, 
9. Tomato Berry — simple, fleshy Pericarp and Placentae 
10. Pear Pome — simple, fleshy” Fleshy thalamus 
11. Pineapple Sorosis — composite Outer portion of receptacle, 
bracts and perianth 
12. Fig x Syconous — composite Fleshy receptacle 
13. Litchi Nut — simple Juicy Aril 
14. Wheat Caryopsis — simple dry indehiscent | Starchy Endosperm 
15. Strawberry Etaerio of achenes- aggregate Succulent thalamus 


| 
| 
| INTEXT QUESTIONS 7.14 


l. Define Fruit. 


4. Give the names of three layers of pericarp of a fleshy fruit. 


5. Match the following of column A with that of column B 


A B 
(a) Apple (i) Berry 
(b) Hesperidium (ii) Mesocarp 
(c) Mango-edible part (iii) Endosperm 
(d) Coconut -edible Parr (iv) Orange 
(e) . Tomato (v) False Fruit 
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@ Stem is aerial, upright, positively phototropic part of plant and bears nodes, 
interposed leaves and buds. 


@ It has a terminal apical meristem which gives rise to leaves and axillary buds 


` @ The stems are variously modified into underground, subaerial and aerial stems 


for performing special functions. 
è Dicot and monocot stem are different anatomically. 


@ The internal structure of dicot stem shows epidermis, differentiated ground 
tissue, multilayered pericycle and vascular bundles arranged in a ring. Each 
vascular bundle is conjoint, collateral and open with endarch xylem. 


@ Monocot stem differs in having undifferentiated ground tissue, scattered 
vascular bundles which are closed. 


@ Secondary growth takes place only in dicot stem. 


® Wood is of two types- heartwood (dark and non functional) and sap wood (light 
and functional) 


© The differential activity of vascular cambium during secondary growth forms 
an annual ring. 


@ Origin of lateral branches is exogenous. 


® The primary function of stem is conduction of water and minerals through 
xylem and food through phloem; support and orient leaves towards sunlight for 
better-photosynthesis ; bear flowers and fruits. 


© Stem undergoes modifications for various special functions like food storage, 
perennation, protection, climbing, photosynthesis and vegetative propagation. 


Leaf is a specialised organ for photosynthesis. 
It has three parts -leaf base, petiole and lamina traversed by parallel or reticulate 
venation. The arrangement of leaves on stem is called phyllotaxy 


© Leaves can be simple or compound. 


Leaves are modified into tendrils, spines, phylloclade, pitcher or bladder to 
perform special functions. 
® Internal structure of leaf shows three main tissues - epidermis with stomata, 
mesophyll differentiated into spongy and palisade tissue in dicot leaf but only 
of spongy tissue in monocot leaf and vascular system. 
© Each stoma consists of semi-circular guard cells surrounding a pore. Guard cells 
Tegulate the opening and closing of stomata. 
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Plants and Animals © Stomata help-in gaseous exchange and allow loss of water vapour during 


transpiration. 


Special structures like bulliform cells, hydathodes and hairs occur in leaves of some 
plants. 


@ Flower is a modified shoot. 


@ Atypical flower has accessory whorls i.e., calyx and corolla and reproductive whorls 
i.e., androecium (male) and gynoecium (female). 


@ Flowers may be bisexual, unisexual or neuter; actinomorphic or zygomorphic; 
hypogynous, perigynous or epigynous. 


@ Variations occur in floral parts. 


@ Placentation is the manner in which placentae are distributed in the ovary. It 
is of many types. 


Inflorescence is the arrangement of flowers on the floral axis. 
It has two major types - racemose and cymose. 
Hypanthodium, verticillaster and cyathium are special types of inflorescence. 


Fruit is a ripened ovary that develops after fertilization 


Ovules develop into seeds and the ovary wall matures into fruit wall called the 
pericarp which may be thin or differentiated into epicarp, mesocarp and 
endocarp. ` 


© Fruits may be true or false and categorized into simple, aggregate or composite 
types. 


© Simple fruits may be dry (dehiscent or indehiscent) or fleshy. 
e A fruit that develops without fertilization is called parthenocarpic fruit. 


1. Differentiate between 
(i) Dicot stem and monocot stem 


TERMENAL EXERCISES 


(i) Root and stem 

(iii) Racemose and cymose inflorescence 

(iv) Stomata and hydathode 

(v) True fruit and false fruit 

(vi) Dicot and monocot leaf 
2. Explain the different types of underground modified stem? 
3. Explain the process of secondary growth in dicot stem. 
4. Draw and label the vertical section of dicot leaf. 
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5. Define the following Plants and Animals 


(a) Flower (b) Actinomorphic (c) Heterophylly 
(d)  Phyllotaxy (e) Hypogynous (£) Parthenocarpic fruit 
(g) Venation. 
6. What is cork cambium? State its functions. 
7 Draw labelled diagrams of the following 
(a) Raceme and corymb inflorescence 
* (b) Axile and parietal placentation 
8. What is a fruit? Enlist the various types of simple- fleshy fruits giving one example 
of each type. 
9. What are the edible parts of the following fruits 


(a) Mango (b) Orange (c) Apple 

(d) Banana (e) Coconut (f) Cashew nut 
10. Match the following of column A with that of column B 

A B 

(a) Tendril ‘ (i) Protection 

(b) Stolon (i) Food, storage 

(c) Thorn (ii) Reproduction 

(d) Tuber (iv) Photosynthesis 

(e) Capitulum (v) Climbing 

(f) Phylloclade (vi) Sunflower 


11. Name the type of modification of an underground, non-green structure bearing nodes 
and internodes and ‘eyes’. 

12. If a section of stem shows scattered vascular bundles which are closed, have 
“Y” shaped xylem and are surrounded by bundle sheath; what group of plant 
is it? 

13. What is the region ouside the phellogen known as? 

14, When the cambium is less active which type of wood does it produce? 


ANSWERS TO INTEXT QUESTIONS 


Stem, 2. Axillary bud 
Because lateral roots originate from inner layers (endogenous origin) 


. Corpus 2. Procambium 


1 

3 

4. Stemis positively phototropic and negatively geotropic 
1 

3. Axillary bud, exogenous 4. Root cap 
1 


Creeper 2. Sub-aerial 
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Plants and Animals 3. Cladode 4. Rhizome, Bulb 
5. (a) - (v) (b) - (iii) (c)- @ (d) - (ii) (e) - (iv) 


7.4 1. Conduction of water and mineral from root to leaf and manufactured food from 


leaf to other parts of plant 
Dotes 2. Stem cuttings ; 
3. (@)-ii) O- O- @-@ ©-@ 
7.5 1. Conjoint is when xylem and phloem are together in one bundle, collateral is 
when xylem and phloem are on the same radius _ 
Medullary ray (3) Root 
4. Maize stem for monocot and sunflower for dicot stem 
7.6 1. Corkcambium (phellogen) and vascular cambium 
2. Medullary ray parenchyma 
3. Call the tissues outside the functional cork cambium is called bark 
4. For gaseous exchange in branches 
5. Phellem, Phellogen, Phelloderm, Protection 
7.7 1. Late or summer wood 
2. By counting the annual rings 
3. Durable, resistant to attack of pathogen 
4 Presence of abundant mechanical tissue like sclerenchyma and secondary 
? pin 
5. Wood is secondary xylem produced by the activity of vascular cambium in 
dicot stem 


7.8 1. Venationis the arrangement of veins and veinlets in lamina of leaf 


2. Unicostate has one strong midrib while multicostate has many strong veins 
3. Reticulate, parallel 4. Axillary bud ~ 5. Midrib 
7.9 1. Rachis 
2. Presence of axillary bud in leaf but not in leaflet 
3. Pinnately and palmately compound leaf ` 


7.10 1. Alternate, opposite-decussate; opposite-superposed; 
2. (a)- (iii) (b) - (iv) (c) - (i) (d) - (ii) 
3. Pitcher plant; bladderwort 4. Heterophylly 
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7.12 


7.13 


7.14 


Mesophyll differentiated into palisade and spongy tissue in dicot leaf but only 
of spongy tissue in monocot leaf; photosynthesis 


In both surfaces of leaf 3. Hydathodes 
(a)- (iii) -vD ©-@y) d- ©-@ -v 
Calyx, Corolla 


a-v -üv ©- -O  (©)-Gi) 
Placentation is the manier in which placentae are distributed in the ovary 
Axile 

When the main axis ends in a flower and the growth is limited 

Flowers are stalked in raceme but sessile in spike 

Arrangement of flowers on floral axis 

Capitulum, Hypanthodium 

Fruit is a ripened ovary that develops after fertilization 

Apple, pear ` 3. Pericarp 4. Epicarp, mesocarp, endocarp 
(a)-(v) -ü ©) - Gi) @) - Git), ©) - @ 
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ABSORPTION, TRANSPORT AND. WATER 
LOSS (TRANSPIRATION) IN PLANTS 


Water is the most important component of living cells. It enters the plants through 
roots and then moves to other parts and is also lost by transpiration through the 
leaves. There are several phenomena involved in the movement of water about 
which you will study in this lesson. 


OBJECTIVES 


After completing this lesson, you will be able to : 

define the terms permeability, diffusion, osmosis and plasmolysis; 

define and differentiate between the active and passive absorption; 

explain imbibition, water potential, turgor pressure and wall pressure, wilting; 
describe the pathways of water from root hair up to leaf; 

describe the mechanism of translocation of solutes in plants; 

explain the process and significance of transpiration; 


list the factors affecting the rate of transpiration; 


explain the opening and closing mechanism of stomata ( potassium ions theory) 
and list the factors affecting stomatal movement; 


@ explain the process of guttation and list the factors affecting rate of guttation. 


8.1 FOUR BASIC PHENOMENA-PERMEABILITY, DIFFUSION, 


OSMOSIS AND PLASMOLYSIS 


8.1.1 Permeability 

Permeability is the property of a membrane to allow the passage of the substances 
through it. The plant cell wall is permeable because it:allows both solvent and 
solute molecules to pass through it. Cuticle layer is impermeable. All biological 
membranes (cell membrane, mitochondrial membrane, nuclear membrane etc.) are 
selectively permeable as they allow penetration of only solvent molecules but not 
the solute molecules. ; 
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8.1.2 Diffusion 

If a can of volatile substance, such as ethyl ether, is opened ina room,, their 
molecules will soon be distributed until their concentration is the same throughout 
the room. In other words, ether molecules diffuse into the air in the room. Similarly 
the fragrance of incense sticks or agarbatti spreads from one corner of the room 
to the other due to diffusion. Another example is placing a small crystal of a water 
soluble dye (copper sulphate) at the bottom of a test tube and then pouring water 
carefully over the crystal. Dye molecules will dissolve and the colour will spread 
slowly throughout water, partly because of the movement of dye molecules through 
the water and partly because of the movement of water molecules into a region 
close to the crystal. 

Thus diffusion is the intermingling of molecules of the’ same or different species 
as a result of their! random movement. It is dependent-on the difference in 
concentration in the adjacent areas.and this difference is called diffusion gradient. 
Diffusion is an effective method of transport of matter over short distances. For 
diffusion to take place no membrane is required. If a membrane is present, it should 
be fully permeable. The cell membranes are permeable to both gases CO, and O, 
and hence the two gases are able to diffuse freely (Fig. 8.1). 


, Water 
molecules 


CuSO, 
molecule 


Copper sulphate (CUSO,) crystal “Diffusion CuSO, into water 
Fig. 8.1 Diffusion of copper sulphate (CuSO4) in water. 


8.1.3 Osmosis 

Osmosis can be regarded as a special kind of diffusion of water molecules from 
a region of their high-concentration to their region of low concentration through 
a semipermeable membrane (Fig. 8.2). In osmosis, the water molecules move, and 
the presence of a semipermeable membrane is ‘essential. 


Experiment to demonstrate Osmosis | 

Experiment : To demonstrate the phenomenon of osmosis. through plant membrane 
with the help of potato oSmoscope (Fig. 8.3) A 

Requirements. A large potato tuber, 10% Sugar solution, beaker, water scalpel, pin. 
Method. Take a large potato tuber and peel off its outer skin with the help of scalpel. 
Cut its one end to make the base flat. Now make a deep hollow cavity on the 
opposite side. Pour some sugar solution to fill half of the cavity and mark the level 
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by inserting a pin in the wall of the tuber. Put the potato in the beaker containing 
a small amount of water and allow the apparatus to stand for some time. Make 
sure that the level of water is below the level of potato. (Fig. 8.3) 

Observation and Conclusion. The level of sugar solution in the cavity rises. It 


is because of the movement of water molecules into the cavity from pure water 
in the beaker. This experiment shows the phenomenon of osmosis. 


o — Molecules of pure water 


Semipermeable O— Molecules of Sugar 


membrane 


Pure water Sucrose solution 


Movement of water from A to B 
Fig. 8.2 Osmosis - Movement of water molecules through 
a semipermeable membrane. 

Explanation. The living cells of potato tuber collectively act as differentially 
permeable membrane (membrane which permits movement of certain molecules 
only through it). The two solutions i.e. pure water in the beaker and sugar solution 
in the cavity are separated by living cells of potato. Water molecules continue to 
move through the membrane, into the sugar solution till the concentration become 
equal. If sugar solution is taken in the beaker and pure water in the cavity, the result 
will be reversed. The movement of water will not occur if the skin of potato is 
not removed because the skin acts as impermeable layer. 


— Beaker 


Potato 


te 
h 


Rt 


10% Surose solution 


feat pitar nrar 


Water 


pae 


Fig. 8.3 Experiment to demonstrate osmosis, 
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Diffusion Osmosis 


=a s| 


1. Diffusion is a movement of a given Osmosis is a special type of 
substance from the place of its higher diffusion of solvent molecules 
concentration to an area of its lesser such as water from lower Notes 
concentration. Presence of concentration to higher 
semipermeable membrane is not concentration of solution when 
required. the two are separated by a 

semi permeable membrane. 

The diffusion may occur in any medium. It occurs in liquid medium 

The moving particles may be solid, liquid and only the solvent molecules: 

or gas. such as water move from one 


lace to another. 
p! anothe 


If you place a cell in a solution, it may shrink, swell or remain unchanged on the 

basis of relative concentration of water and solutes with respect to their concentration 

in the cell : 

e Isotonic. The solution has the same concentration of water and solutes as 

x inside a cell. Cell remains stable in isotonic solution or there is 
no entry or exit of water from the cell. 

© Hypotonic. The solution outside has lower solute concentration than inside 
the’ cell. The cell swells as water enters the cell. 

© Hypertonic. The solution outside has higher solute concentration than inside 
the cell. Water from cell moves out so the protoplasm of the cell 
shrinks and collects in the centre of the cell. 


Osmotic Pressure and Osmotic Potential 

When pure water is separated from a solution by a semipermeable membrane, pure 
water tends to enter the solution by osmosis. Now the pressure required to prevent 
the osmotic entry of water in a solution is called osmotic pressure. 


Imbibition z 
Before cooking chick pea or gram, it is soaked in water overnight. Next morning 
the dry chick pea looks well swollen as it has imbibed water. 


“Imbibition in plant cells refers to the absorption and adsorption of water by 
protoplasmic and cell wall constituents. Water is absorbed as a result of both 
diffusion and capillary action. Imbibition is a process that account only when solid 
‘plant material (dry wood, dead or living air dried seeds) comes in contact with water. 
In case of living dry seeds water is initially adsorbed by imbibition and thereafter 
water is absorbed by osmosis. 
Imbibition produces a large pressure, so much so that dry wood can even break 


a piece of rock in the presence of water. Because of imbibition, the wooden doors, 
during rainy season, swell up and it becomes difficult to close the door. 
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Importance of Imbibition 
@ Imbibition is the initial step in the germination of seeds. 


e It causes swelling of seeds and breaking of seed coat. 


8.1.4 Plasmolysis 

When a cell is placed ina solution, it will either shrink, swell or will remain 
unchanged depending upon the concentration of the bathing solution or the solution 
in which the cell. is placed. 


G) When a cell is placed in a hypertonic solution i.e. when the concentration of 
the outer solution is higher than the cell sap, water from the cell move out 
resulting in shrinkage’ of the ‘protoplasm in’ the centre ‘of the cell and 
disappearsance of the vacuole. This phenomenon’is known\as plasmolysis. The 
space between the cell wall and the protoplast is occupied by the bathing 
solution as’ of the cell wall is permeable. 


(ii) When such a plasmolysed cell is placed in a hypotonic or dilute solution or 
pure water, water move into the cell causing the protoplasm to stretch and get 


back to its original shape. This phenomenon is known as deplasmolysis. The 
cell becomes fully turgid. 


(iii) When a cell is placed in an isotonic solution or a solution with similar 
concentration as the cell sap, there is no change in the shape of the protoplasm 
or the cell. 


Plasmolysis is a physical phenomenon, A cell can become plasmolysed and 
deplasmolysed depending upon the outer solution in which the cell is placed. 
No chemical change is caused to the cell. Plasmolysis is a kind of defense 
mechanism against adverse (stress) conditions such as hypertonic soil solution. 


Cell membrane Cell membrane 
Fele es Reduced vacuole 


Cell 
wall 
Water (Exomosis) Increased turgor 
‘Water leaves the cell pressure 
on cell wall 
Plasmalysis 
| Fig. 8.4 Changes in a plant cell when placed in hypotonic, hypertonic 
and isotonic solution. 
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INTEXT QUESTIONS 8.1 


1. Define diffusion. 


3. Name the process because of which crystals of KMnO; added to water makes 
it purple. 


6. Name the phenomenon which makes it di 
monsoon? 


8.2 WATER POTENTIAL 
Potential or chemical potential of water is the energy of water molecules or tendency 
of water to leave a system or the ability of free water molecules to do work or 
move. Water moves from a region of high water potential to a region of low water 
potential. 

Potential of püre water is taken as zero. When solutes are dissolved in pure water 
or in a solution some water molecules are used in dissolving’ the'solutes thus less 
number of the water molecules are available to do the work. Hence a solution has 
less energy or potential as compared to pure water. The water potential of a dilute 
solution is more than that of a concentrated solution. The value of water potential 
of a solution is Jess than that of pure water or zero i.e. anegative number. Water 
potential is designated by a Greek letter y (psi). Pure water has highest water 
potential or y = 0 for pure water. 

Water potential determines the water status in plant-cells and tissues. The lower 
the water potential in a plant cell or tissue, the greater is its ability to absorb water. 
Conversely, the higher the water potential, the greater is the ability of the tissue 
to supply water to other more desiccated cell or tissues. 


Turgor Pressure is the pressure exerted by the protoplasm against the cell gal 
exerted by: the: cell wall against 


The turgor pressure is equal to the back pressure iT wall is called as pi 


the protoplasm. This back pressure exerted by the. 
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J 


Turgor pressure is maximum when the cell wall cannot stretch any more. Such a 
cell is said to be fully turgid. At this point a dynamic equilibrium reaches i.e. the 
amount of water entering the cell is equal to amount of water leaving the cell. 

Turgor pressure develops in the plant cells only because of the presence of cell wall 


which able to resist the pressure. It is a real pressure not a potential one and can < 


occur to a great extent. In case of animal calls, the plasma membrane bursts if the 

pressure increases. 

Turgor pressure plays a very important role in plants: 

© Turgor pressure helps in maintaining the shape and form of the plant. 

@ The stems of herbaceous plants and the ones with non-woody tissues like maize, 
Sugarcane and banana are held straight by fully turgid cells packed tightly 
together. : 

e Turgor pressure holds the leaves in a flat and horizontal position by keeping 
the mesophyll cells turgid. 

© Turgor pressure helps in cell enlargement and consequently in stretching of the 
stems. 

© Opening and closing of stomata is governed by turgidity of the guard cells. 

è Certain plants like bean and Touch Me Not plant- Mimosa pudica show quick 
response of leaves by controlling the turgidity. 


Turgor Tp WP 


Cell contents 
exerts TP 


\ Cell wall exerts 
Ly Wall pressure (WP) 
Pressure 
Water moves into 
the cell due to 
Osmotic pressure 
Fig. 8.5 A turgid cell showing osmotic pressure, turgor pressure and wall pressure. 
Availability of water in the soil f 


The plants absorb water through the root hairs from the soil. The soil contains water 
j in three forms (Fig. 8.6) 


Capillary water 


Hygroscopic water 


Fig. 8.6 Types of soil water. 
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(i) Gravitational Water. It is the water that drains downwards through the soil. Plants and Animals 
The level to which it drains is called the water table. The water table of a f — 
place differs in depth due to rainfall. 


Absorption, Transport and Water 


The gravitational water lies far below and is generally not available to plant roots. 
Itis of extreme importance as it causes washing out of minerals and nutrients from 
the soil called leaching. 

Part of water that is retained by soil could be hygroscopic water and/or capillary 
water. 


(ii) Hygroscopic Water. It is the water that is retained as a thin film around the 
individual soil particles. Strong attractive forces between the soil particles and 
the water molecules hold this water tightly. This is the water least available 
to the plant and is generally the water left in the dry soils. In the clay soils, 
it amounts to about 15% and in the sandy soils to about 0.5%. 


(iii) Capillary Water. The soil particles always have very fine pores in between, 
forming a very fine capillary system.As the water spreads, it fills the finer 
pores and is held round the soil particles by capillary forces against the force 
of gravity, due to high surface tension of water. Itis this water, which is readily 
available and is easily utilized by the plant roots. The clay soil being very 
fine textured holds much more water than sandy soil. When a soil is watered, © 
it retains good amount of capillary water and thus condition is known as field Í 
capacity: ; 


8.4 ABSORPTION OF WATER BY PLANTS 

@ Major portion of water required by plants in absorbed by roots but in some cases 
water may be absorbed by leaves and stems also. i 

© Roothair is a specially modified epidermal cell meant for absorption of capillary 
water of the soil. > 

© The plasma membrane and the vacuolar membrane (tonoplast) act as 
semipermeable membranes and water is absorbed by osmosis. 

© Soil solution should have a higher water potential as compared to root hair cell, | 
then only water will enter the root hair cell. Once into the root hair, water will | 
pass into cortical cells, endodermis, pericycle and into the xylem vessel. The 
movement is purely dependent on water potential gradient. 

© Water movement into the plant follows two pathways — symplast and apoplast 
(Fig. 8.7a). 

© Cytoplasm of the entire plant is connected through plasmodesmata stand 
forming the symplast system. Water movement through the cells take this 
symplast pathway by osmosis. 
The cell wall and the intercellular spaces form the apoplast pathway which 
allows water movement inside the plant by the phenomenon of capillarity and 
adsorption. 

e The water absorbed through the roots is transferred radially to the xylem, from 

where it reaches to all the other parts of the plant by vertical conduction of water 

through the xylem vessels (Fig. 8.7b). 
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Plasmodesmata Tonoplast = 

A d 

Vacuole, __ Cell wall Cytoplasm 
ur” “Apoplast pathway 
~ Symplast pathway 
—>  Vacuolar Pathway l 
Fig. 8.7a various pathways of water movement 
| 
t ~ ; ` a 
Transpiration by leaves a 
Conduction by j 
i xylemivessels 
Air cavity Water vapour 

through stoma | 
= j 
A 
ae a e AT E O f 
| 
a 
a 
y==19 Xz Absorption j 
by roots 2 


Xylem vessel 


Soil particle Roothair Epibiema Pericycle 


Cortex Endodermis _ 


| Fig. 8.7b Absorption of water from root hair to cortex through xylem 
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The content of xylem vessels is known as xylem sap. Various theories have been 
postulated to describe the lifting of the xylem sap or ascent of sap in the xylem. 


Root Pressure Theory 

If a stem is cut few inches above from its base with a sharp knife, xylem sap is Notes 
seen flowing out through the cut end. This phenomenon is known as exudution 

and this is due to the positive pressure developed within the root system due to 
continuous absorption of water by osmosis which develops a’ positive’ pressure 

known as root presstire. This’ pressure can’ be measured’ and ranges from’3 to’5 
atmospheres. But this ‘pressure’ is enough to raise water to small heights’ in 
herbaceous plants. Sitt 20 


Physical Force Theory or Cohesion, Theory 

This theory takes into account the physical forces which act in case of very tall 
trees and water lifted up to great heights. The three forces that act together are force 
of cohesion’ (attraction between water molecules), force of adhesion (attraction 
between water and lignocellulose walls of xylem) and transpiration pull which lifts 
the water column by creating’a tension inside the xylem vessel. Water forms an 
unbroken column starting from the intercellular space of the leaf mesophyll to the 
xylem of the leaf, through stem and root to the water in the soil. A water potential 
gradient exists between the leaf to the root and transpiration causes a pull of the 
entire water column. So long as the column is an unbroken one from the outer 
atmosphere, through the plant upto the soil, water is lifted up by the force of 
transpiration pull. 
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Fig. 8.8 Effect of transpiration of absorption of water 
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Transport and Water Loss in Plant 


8.5: TRANSLOCATION OF ORGANIC SOLUTES 


Movement of organic and inorganic solutes from one part of the plant to another is known 
as translocation. 


+ | In simple terms, transport of sugar in sieve tubes is called translocation, 


Notes | There are experimental evidences to suggest that phloem is the tissue involved in 
translocation of products of photosynthesis i.e. sugars. 


Sugar is produced in photosynthesis in the leaves and then sent to all part of the 
plants for the growth and development of the plant. Leaf is known as the “source”, 
where the food is produced and all other parts of the plant which receive this food 
is known as the “sink”. Sink can be root, stem, fruits and storage organs like tuber, 
bulbs, rhizomes etc. Thus unlike conduction of water in xylem which takes place 
in one direction from the root to upwards in the aerial parts of the plant, phloem 
translocation from a leaf takes place in all directions. 


Mechanism of translocation 


Sugar solution in the phloem sieve tube move along the water potential gradient 
created between the source (leaf) and sink (storage) cells 


Here there is a mass movement of sugar solution from the leaf mesophyll to all 
parts of the plant. 
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Fig. 8.9 Mechanism of translocation 


This model known as Munch hypothesis or Mass flow theory is most acceptable model 
for phloem translocation. 
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8.6 TRANSPIRATION 


8.6.1 What is transpiration 

The loss of water from aerial parts of the plant in the form of water vapour is termed 

transpiration and in the form of liquid is termed guttatiomn. 

Transpiration may occur through three main sites in the plant : 1. cuticle 

2. lenticels 3. stomata. | 

(i) Cuticle : Cuticle is the wax like covering of the epidermis of leaves and 
herbaceous stems. Though it is meant to check transpiration, still about 10% 
of the total transpiration may take place through cuticle and known as cuticular 
transpiration. 

(ii) Lenticels : Lenticels are areas in the kjark of a tree which are made up of loosely 
arranged cells and about 0.1 pererént of water loss take place through it. It is 
known as lenticular transpiration. 

(iii) Stomata : Stomata are minute, pores on the epidermis of leaves, whose opening 
and closing are controlled by guard cells. About 90 percent of water loss from 
plants take place through; stomata known as stomatal transpiration, 


8.6.2 Mechanism of transpiration 

Transpiration occurs in/ two stages : 

(i) Evaporation ©% ywater from the mesophyll cells into the intercellular spaces. 

(ii) Diffusion of ‘his water vapour of the inter cellular spaces into the outside 
atmosphere, when the outside atmosphere is drier. 

8.6.3 Factors; affecting transpiration 

There, are rnany external and internal factors that affect the process : 


(i) Tem’ perature : The increase in temperature increases the rate of transpiration 
by ‘increasing the rate of evaporation of water from cell surface and decreasing 
thie humidity of the atmosphere. 
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Forms and Function of 

Plants and Animals i) Wind velocity : The increase in wind velocity increases the rate of transpiration by 
removing the water vapour of tk- atmosph and lowering the relative 
humidity. a 


(ii) Light : Light has got no direct effect, in-the rate of transpiration but Suincctly 
it affects the rate in two ways, firstly by controlling the stomatal opening and 
secondly by affecting the temperature. With increase in intensity of light rate 
of transpiration i increases because stomata get opened and the temperature 

increases. i 

Water supply : Deficiency of water supply in the soil decreases the rate of 

transpiration by decreasing the rate of absorption. When the deficiency of water 

in the soil becomes too much then the plants with and do not recover from 
wilting unless. water is supplied in the soils. This is known as permanent 
wilting. When ina hot and dry summer day the plant transpires more than 
the roots are able to absorb, even though there is enough water in the soil, 
itis known as temporary wilting as the plant recovers from ou wilting in 
the late afternoon or at night. 

(v) Atmospheric pressure : Reduction of atmospheric pressure a the density 
of external atmosphere thus permitting more Tapid ¢ diffusion of water. Plants 
growing on high will show higher rate. Hi transpiration hence they develop 
xerophytic characters. 

Wi) Atmospheric humidity : Humidity means in! amount of water vapour present 
in the atmosphere. The diffusion and evaporation of water depends on the 
vapour pressure gradient or the différence Of water potential gradient between 
the atmosphere atid the’ inside of the ay More the difference more will be 
the fate’ of transpiration? “270s PONG 288 ce No 
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Internal plant factors. ; i D nreeme staot 
Certain: plant. adaptations reduce EREIN sa 1.0 tuods bn 


— Reduced size of the leaves, thereby reducing) transpiting' surface. Some 
xerophytic plants:have needle like or, spine like leaves (Pinus and:Opnuntia) 

— thick deposition of cutin \(wax like substance) ‘onthe léaf surface. 

= stomata found sunken in thë cavities surrounded "by hairs as in Nerium and 
Cycas. $ Holipiqane! to mgined 

= root shoot ratio, when there is more root and less of shoot system: or leaves, 
there will more of transpiration. Root is the water Not tt surface and shoot 
or leaves is the transparmg surface; high root shoot ratio will cause more 
‘transpiration. | : i NW ain 


8.6.4 Role of Stomata in Transpiration 
Šince most of the water is lost through stomata; plants’ regulate} the degree of 
stomatal opening and closing: to reduce the water, loss. y x 

It, has. been seen. that stomata show periodic opening and closing during the W 


(diurnal variation) depending upon the heat and light, water content of the cell and 
humidity. They are generally closed during the night. 
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From early morning till midday; the stomata are open and hence the transpiration increases Plants and Animals 

till midday: fa } ‘ 

During sunny afternoon, the stomata are closed and hence the transpiration 
decreases. 

From late afternoon till.evening, the stomata are open again and hence the 
transpiration increases. At night, the stomata are closed and hence the transpiration is 
very low. i 


Absorption, Transport and Water Loss in Plants 


8.6.5 Stomata 


Structure of Stomata i. \ [4 

Each stomata consists of a minute pore called stoma surrounded by two guard cells, 
The stoma acts as a turgor-operated valve, which closes and opens according bi 
the turgidity of guard cells. The guard cells have unevenly thickened walls. The 
cell wall around stoma is tough and flexible and the one away from stoma is 
thinner. The shape of guard ‘cells differs-in dicots and monocots, ‘though the 
mechanism remains the same. ] 


Mechanism of Stomatal action 

The opening and closing of stomata depends upon the turgor pressure in the guard 
cells. When the guard cells are turgid, the stoma opens and when guard cells 
lose water, stoma closes. The mechanism of dicots and monocots is as give below: 


(a) The dicotyledonous plants have kidney shaped guard cells. The inner walls 
around the stoma are thicker than the outer’ walls. 

A. When guard cells — Guard cells expand — Tough inner walls => Stomata openi i) 
get distended by become convex . i it 
turgor pressure, r Ss el ice 

B When the turgor LS Guard cells sag > Inner cell walls come —> Stomata close 
pressure in guard 3 ; closer. ik j 
cells decreases - satie 


Thin outerwalls 


Thick inner walls: 


Chloroplasts 


Guard cells 


Stoniacleseatos: bees 5 ~ 
Fig. 8.10 Stomatal action in Dicots. © Epe í 
(b) In monocotyledonous. plants, the guard cells are dumb bell ‘shaped with 
thickened walls towards the inflated region. 


A. When the guard’célls —> The region with thin > The thick walls = Stoma opens’ 


become turgid walls bulges and gets move apart 
inflated Sqo ieina 

B. When the guard cells — The inflated part sags > The thick walls =. Stoma close j 
lose Water SSE eee E We SEADE T 
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Plants and Animals Changes in turgidity bringing about opening and closing of stomata has been known for 


a long time but the mechanism that leads to turgidity needs to be explained. 


Chloroplasts 


Thick walls 


Dumb-bell shaped 
guard cells 


Stoma open Stoma closed 


(a) b) 


Fig. 8.11 Stomatal action in monocot. 
(i) Starch- Sugar Hypothesis : 
This hypothesis goes by the basis that the increase in sugar concentration due to 
photosynthesis and hence endosthosis of water during the day leads to opening of 
stomata and the reverse i.e. decrease in sugar concentration followed by exosmosis 
leads to closing of the stomata at night. The changes in guard cells during the day 
i.e. in light and at night in the dark are as given below. 


Reaction in Light Reaction in Dark 


Utilization of CO, during photosynthesis Accumulation of CO, due to absence 
of photosynthesis 
Drop in CO, leads to increase in pH or 
protoplasm becoming alkaline Increased acidity or decrease in pH due 
Ik to formation of carbonic acid 
Conversion of starch into sugar 
Conversion of sugar into starch 
Increased concentration of solute 
Decreased concentration of solute 
Endosmosis of water from other epidermal 


cell to the guard cells Exosmosis of water 
Increased turgor pressure of the guard cells Decreased turgor pressure 
Stomata open Stomata closed 
A. Stomata open during light B. Stomata closed at dark 
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This theory can not explain stomatal movement where starch is absent in the guard cells f Plants and Animals 

or guard cells lack chloroplasts and opening of stomata at night and closing by the day 

in some plants like succulents (e.g. cacti). 


Absorption, Transport and Water Loss in, 
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(ii) Effect of potassium ions (K*) on stomata 


Ithas been convincingly proved that the accumulation of K* ions brings the opening of — 
stomata and loss of K* ions, the closing of stomata. Notes 


During Day Light ` During Night/Dark 
Accumulation of K* ions by the Loss of K* ions by the guard cells 
guard cells 
L 4 
Increased solute concentration Decreased solute concentration 

4 L 

Endosmosis of water Exosmosis of water 
ļ J 

Increased turgidity Decreased turgidity 
L L 

Stomata open 3 Stomata close 


The uptake of K* ions is balanced by one of the following. 

(a) Uptake of chloride (CI) ions as anions. These cells lack chloroplast and take 
up CI“ ions as anions to balance the influx of K* ions. 

(b) Transport of H* ions released from organic acids. In some plants the guard 
cells contain starch, There is accumulation of organic acid like malate by 
conversion of starch into malic acid in light. The organic acid dissociate into 
malate and H+. Potassium reacts with malate to form potassium malate which 
increases the solute concentration. 


(c) Entry of K* is balanced by exit of protons (H*). 


(iii) Role of Abscisic Acid (ABA) 

It has been observed that during water shortage in the soil or by intense solar 
radiation, a plant hormone abscisic acid accumulates in the leaves leading to closing 
of stomata, thus preventing an excessive water loss. Under experimental conditions 
also, when abscisic acid is applied to the leaves, guard cells close and check water 
loss. 


8.6.6 Significance of transpiration 

(i) Absorption of water. Transpiration influences the rate of absorption of water 
from the soil. ; 

(ii) Water movement. By transpiration, water moves upwards and as it passes into 
the cell vacuoles, it makes the cells turgid. This gives a form and shape to the 
cells and to the plants as a whole. ; 

(iii) Mineral salt transport. The water stream moving upwards also carries the 
dissolved minerals required for the development of the plant. Transpiration 
also helps in distributing these minerals through out the plant. 
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Plants and Animals (iv) Cooling. The evaporation of water during transpiration cools the leaves. 


(v) Protection from heat injury: Some plants like Cacti retain water by reducing 
transpiration. This saves thé plants from high temperatures and strong sunlight. 7 


Transpiration is a necessary evil 
Stomata remain open during day time for the absorption of carbon dioxide and. — 
release of oxygen for a very important process photosynthesis. When the stomata — 
remain open for this important gaseous exchange, escape of water vapour cannot — 
be controlled. Thus loss of water is a wasteful process which cannot:be avoided 
because stomata must remain open to do some thing moré important that is — 
absorption of carbondioxide during day time for photosynthesis. It is for this reason 
Curtis in 1926 has referred transpiration as a necessary evil. 


Factor affecting stomatal movement : Any condition which causes turgidity of J 
the guard cell will cause stomatal movement. 


1. .Solute concentration of the guard cells, which will allow movement of water 
into the guard cells making then turgid. 


2. Light causes photosynthesis in guard cell by the chloroplasts and hence 
accumulation of sugar in the guard cells. j 


3. Concentration of potassium ions of the guard cells. 


8.6.7 Anti-transpirants 

Many crop plants give poor yield in dry seasons, as the water lost by transpiration 
is much more than the water uptake by the roots. The rate of transpiration can be 
reduced by the application of certain chemicals known as anti transpirants. These 
chemicals should not affect the CO, uptake. The reduction in transpiration is achieved 
by two means. 


(i) ‘Chemicals like phenyl mercuric acetate PMA and abscisic acid ABA cause partial 
closure of stomata checking transpiration to some extent. 


“i) Some waxy substances like silicon emulsions forma thin film over the leaf and cover 
the stomata without affecting the uptake of CO. 


Guttation. It is seen in early morning in the formof drops at the margins or tips of leaves 
of herbaceous plants (Fig.8.12a). The plants in which transpiration is low and the root 
pressure is high, the liquid water is seen at the vein ending. 


~ Itoccurs through specialized pores called hydathodes present near the vein endings 
(Fig. 8.12b). 


+ It is quite common in young grass seedlings and in the tropical rain forests, due 
to: warm and humid nights. Tomato and Nasturtium. are some common 
examples. 
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Air chamber 
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Vein endings 


Drops at 
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Xylem 


Epidermis 


(a) 


Fig. 8.12 (a) Nasturtium leaf showing guttation at the margin of leaf 
(b) A vertical section of a leaf showing hydathode. 


8.6.8 Difference between Transpiration and Guttation 


(i) Water is lost in the form of water 
vapor. 


(i) Water is lost in the form of 
water drops. 


(ii) Occurs through stomata, cuticle and (ii) Occurs through special pores 


lenticels. hydathodes. 
(iii) Occurs during day time and at high (iii) Occurs at night and at low 
temperature. temperature. 


(iv) Water lost has substances 
dissolved in water. It contains 
sugars, salts and amino acids. 


(iv) Water vapour lost is pure water and 
does not’ contain minerals. 


(v) It is due to root pressure that 
develops in the living cells of 
the plants. 


(v) Increased transpiration is physical 
process (see cohesion physical 
force theory) 


3. Give a point of AEREN tg Le stomata and hydathode 
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d WHAT YOU HAVE LEARNT 
@ The movement of water from one cell to another depends upon the water potential 


of the cells. 


@ Water always moves from a region of lower solute concentration (higher water 
, Potential) to the region of higher solute concentration (lower water potential) 
ie. along the water potential gradient. 


e A more concentrated solution has a higher osmotic potential (earlier termed 
osmotic pressure). 


e ~ Osmotic pressure is expressed in terms of energy. Water always moves from a region 
of higher free energy to a region of lower free energy. 


e@ Water potential is the capacity of a solution to give out water. It is represented by 
the word Psi y. It is affected by the solute concentration and external pressure. 


- w of pure water = zero. 

= More solute means low water potential. 

= A solution has lower water potential than pure water. 

- Water potential of a solution is a negative number i.e. less than zero. 


Plants absorb water by their roots (mainly by root hair) from the soil through osmosis. 


° 
The increased water content inside the protoplasm exerts a turgor pressure on the 
cell wall. 

@ The equal and opposite force exerted by the cell wall is termed as wall pressure. 


@ Water is present in the soil as gravitational water, hygroscopic water (least available 
to the plant) and capillary water (most readily available to the plant). 


@ The water absorbed by root hairs flows to the xylem vessels mainly by the apoplast 
pathway. 


© The water moves up the xylem vessels to the leaf along the water potential gradient 
as explained by the cohesion- tension theory (most acceptable). Transpiration or 
evaporation of water from the piant through stomata. causes a pull and water moves 
up like a water column due to the force of cohesion and tension created by 


transpiration. 
è Certain plants show guttalion due to high root pressure and low transpiration. 
e Turgidity of guard ceils is explained by the increased conversion of starch into 


sugar and by the accumulation of K* ions. 
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e Various environment factors like temperature, light, wind, humidity and internal f Plants and Animals 
factors like structure of leaf and root-shoot ratio affect the transpiration. 


Absorption, Transport and Water Loss in Plants ; 


e Transpiration not only brings about ascent of sap but also has a cooling effect and 
saves the plant from heat injury. 


@ When the transpiration rate exceeds the water absorption rate, it leads to wilting 
of the plant. 


TERMINAL EXERCISES 


Sr 


Name two types of passive absorption in plants. 

In what ways diffusion is important to a plant ? 

Name various factors that affect osmosis in plants. 

Differentiate between turgor pressure and wall pressure. 

Discuss the mechanism of stomatal action in dicot plants. 

Explain any four factors that affect transpiration in plants. 

Describe an experiment to demonstrate osmosis by potato osmometer. 
Discuss the cohesion tension theory for uptake of water in plants. 


Desċribe the mechanism of translocation of solutes. Name the most appropriate 
theory for the translocation of solutes in plants. Who proposed this theory ? 


10. Differentiate between symplast and apoplast pathway of water movement in 
plants. 
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11, Define transpiration. 

12. Name the holes in the bark through which transpiration in the bark of old 
trees takes place ? 

13. Why is transpiration considered to be a necessary evil ? 

14. Give one way by which desert plants prevent transpiration. 

15. State one point of difference between transpiration and guttation. 


I| ANSWERS TO INTEXT QUESTIONS 


Movement of molecules from their region of higher concentration to the region 
of lower concentration. : 


A semipermeable membrane is required for osmosis and not for diffusion. 
Diffusion 
Water will move out from the blood cells and they will shrink. 
When the cell is placed in a hypertonic solution. 
- Imbibition l 
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Plants and Animals 8.2 1. Root 
2. Cytoplasmic connections between plant cells 
3. Though the phloem 
4. Movement of water and minerals from roots to leaves, that is from the ground — 
to tip of plant. 


5. Gravitational, Hygroscopic and capillary 
8.3 1. Turgor pressure 
2. Dicot: Kidney shaped 
Monocots : Dumb bell shaped 
3. Stomata — are pores on the leaf surface through which water evaporates as 
vapour 


Hydathodes — special pores in leaf margins through which water is lost as water 
droplets. i 
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NUTRITION IN PLANTS - MINERAL 
NUTRITION 


Sometimes you may observe that a potted plant kept in sunlight and provided with 
sufficient water does not grow. Its leaves look pale and weak. Plant may not even 
flower properly. Such a situation is an indication, that the plant may not be getting 
all that is required for normal growth and development. 


In most of such situations one or more minerals required may be lacking in the 
soil you might have seen farmers adding some extra manure (khad) to the soil. In 


„this lesson you will learn the importance of mineral nutrition in plants. 


||OBJEC' ELVES 
After completing this lesson, you will be able to : 
© define the terms mineral nutrition, macro and micro nutritients; 


@ explain the functions of minerals with reference to the techniques of hydroponics 
and aeroponics; 


© list the role of macro and micro nutrients; 
© mention the deficiency symptoms of macro and micro nutrients; 
© differentiate between autotrophic and heterotrophic nutrition in plant; 


© describe the saprophytic and parasitic modes of nutrition in plant. 


9.1 WHAT IS PLANT NUTRITION 
As you know that all living organisms require food to survive, grow and reproduce 
so every organism takes in food and utilizes the food constituents for its 
requirements of growth. A series of processes are involved in the synthesis of food 
by plants, breaking down the food into simpler substances and utilization of these 
simpler substances for life processes. Nutrition in plants may thus be defined as 
a process of synthesis of food, its breakdown and utilisation for various functions 
in the body. 
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Forms.and Function of 
Plants and Animals The chemical substances in food are called nutrients e.g. CO, water, minerals, 
carbohydrate, protein, fats etc. Green plants can make their own food from simple 
: substances like water and carbon dioxide through the process of photosynthesis and_ 
: are called autotrophs (auto : self; trophos : feeding). But the non-green plants and 
— aa l other organisms which cannot prepare their own food and obtain nutrition from 


f green plants are called heterotrophs (heteros : different). 


9.2 MINERAL -NUTRITION 


Now we will discuss how plant get the nutrients. You already know that 
carbohydrates are synthesised by the process of photosynthesis. What are the 
f elements present in these carbohydrates? 


Carbon, hydrogen and oxygen are the main elements in carbohydrates, fats and 
proteins. In addition to these three elements, plants need a variety of elements for 
i their survival. These are generally referred to as mineral elements. They are 
Í absorbed by the root system of plants in the form of their salts. 


The study of how plants get mineral elements and utilize them for their growth 
and development is called mineral nutrition. 


If the minerals are not available to plants, specific symptoms appear due to the 
deficiency of a particular element. There are methods to determine the requirement 
of minerals by plants. Some such method are given below. 


9.3 METHODS TO DETERMINE THE REQUIREMENT OF MINERAL 


FOR PLANT 


Minerals are absorbed by plants in solution form. So it is possible to grow plants 
in water containing the desired amount of mineral salts taking care that the aerial 
parts are exposed to air and light. 


This technique of growing plants in a nutrient solution in complete absence 
of soil is known as Hydroponics/water culture. 


It was demonstrated for the first time by a German Botanist Julius Von 
Sachs in the year 1980. 


In water culture experiments, seedlings are made to grow in water containing the 
known nutrients in a particular proportion. Vigorous bubbling of the air is routinely 
done to provide sufficient oxygen to the root system. The culture solutions may 
contain all essential nutrients except the one whose importance is to be identified. 
Then the plant growing in it is compared to the one growing with all essential 
nutrient (control experiment). 
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Funnel for Aerating tube 
adding water 
and nutrients 


Nutrient solution 


Fig. 9.1 Experimental set up for nutrient solution culture of plants. 
Water culture experiments help us to understand : 
G) which element is essential for normal growth of the plant. 
(ii) which element is not essential and is absorbed along with other nutrients. 
(iii) how much quantity of each mineral is essential. 
Hydroponics has been successfully employed for the commercial production of 
seedless cucumber, tomato and lettuce. 
Aeroponics : Like hydroponics, aeroponics is another technique of 
growing plants in an air/mist environment without the use of soil. 


Aeroponics is a technique of growing plants with their roots supplied with moisture 
present in the air. Rooted plants are placed in a special type of box. The shoots 
of the rooted plants are exposed to air and the roots are inside the box having 
computer controlled humid atmosphere. The roots are sprayed/misted for short 
durations with a hydro atomized pure water/nutrient solution. This method has been 
developed recently. Since plants cultured by this technique get a very good growth 
of root hairs, it is very useful method for research purposes. Citrus plants and olives 
have been successful grown through aeroponics. 
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1. What are nutrients ? 
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3. Why is it necessary to aerate nutrient solution in water culture? 
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You know that 112 elements have been discovered until now. So you might be 
wondering whether plants require all 112 elements for mineral nutrition of them. 
Most of the mineral elements present in soil are absorbed by roots of the plant. 
Notes | Butall are not essential. Only 17 elements are considered as essential for the plants. 
Let us now discuss the criteria for definition of the essentiality of an element. 


9.4.1 Criteria for Essentiality of Elements 

The nutrients or elements which are essential for the healthy growth of the plant 
are called essential nutrients or essential elements. The roots absorb about 60 
elements from the soil. To determine which one is an essential element, the 
following criteria are used : 


(i) An essential element is absolutely necessary for normal growth and 
reproduction of the plant. 


(ii) The requirement of the element is very specific and it cannot be replaced by 
another element. 


(iii) The element is directly involved in the nutrition of a plant. 


Example : Magnesium is said to be an essential element because it is essential 
for the formation of chlorophyll molecule. Its deficiency causes yellowing’of leaves. 


9.4.2 Types of Essential Elements 


Essential elements may be required in small amounts or large amounts. Accordingly 
they have been grouped into two categories 


Essential Elements 


Micro elements/Micronutrients Macro elements/Macro nutrients 


Required in minute quantities 
like 0.1 mg per gram of dry 
matter or less than that, Also called 
as trace elements, 


Required in relatively large quantities 
like one to 10 milligram per gram of 
dry matter 


Examples : Manganese, Boron, 

Copper, Molybdenum, Iron, Zinc 
and Chlorine are required in very 
small quantities 


Examples ; Carbon, Hydrogen, Oxygen , 
Phosphorous, Potassium, Calcium and 
magnesium, Nitrogen, Sulphur 


9.4.3 Sources of Essential Elements for Plants 


After studying the types of essential elements we will now discuss about their 
sources. Most of the essential elements are taken from soil, some from the 
atmosphere. The table given below focuses on the sources of different element. 
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Table 9.1 Sources of Essential Elements Plants and Animals 

Elements Sources of the elements 
Carbon Taken as CO, from the atmosphere (air) 
Oxygen Absorbed in the molecular form from air or from f Notes 

water. It is also generated within a plant during 

photosynthesis. 
Hydrogen Released from water during photosynthesis in the 

plant 
Nitrogen Absorbed by the plants as nitrate ion 


(NO7) or as ammonium ion (NH,*) from the soil. 
Some like bacteria and cynobacteria can fix nitros- 
from air directly. 


absorbed from the soil (are actually derived 

from the weathering of rocks. So they are 

called mineral elements). They are absorbed in the 
ionic forms e.g. Kt, Ca**, Fet, H,PO4/ HPO,” 
etc. 


Potassium, calcium 
iron, phosphorus, sulphur 
magnesium 


INTEXT QUESTIONS 9.2 
1. In which form do plants get oxygen? 


9.5 ROLE OF MACRO AND MICRO NUTRIENTS 
Essential element perform various functions. They carry out several metabolic See 
processes in the plant cells like the maintenance of turgidity of cell, transportation 

of electrons, membrane permeability and enzyme activity. Essential elements also 

act as important constituents of the biomolecules and co-enzymes. Various 
functions of the macro and micro nutrients are given in the following table. 

The forms in which the elements are taken in and their functions are described in 

the table given below - 
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Element Form in which 
the element is 
taken in 
Nitrogen, N NO7, NO7 
Notes or NH4* ions 
Phosphorus, P H,PO, or 
HPO,” 
Potassium, K K+ 
Calcium, Ca Cant 
Magnesium, Mg?* 
Mg 
Sulphur, S so, 
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All tissues, particularly 
in meristematic tissues 


Young tissues from 
the older metabolically 
less active cells 


Meristematic tissues 
buds, leaves and root 
tips. 


Meristematic and 
differentiating tissues 
Accumulates in older 
leaves 


Leaves of the plant 


Stem and root tips 
young leaves of the 
plant 
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Table 9.2 Essential Elements and their Functions 


Function 


Required for the synthesis 

of amino acids, proteins 
nucleic acids, vitamins, 
hormones, coenzymes, 

ATP and chlorophyll. 
Required for the synthesis 

of nucleic acids phospho- 
lipids, ATP, NAD and 
NADP. Constituent of cell 
membrane and some proteins. 


Activates enzymes, 
associated with K*/Na* 
pump in active transport, 
anion-cation balance in the 
cells. Brings about opening 
and closing of stomata. 
Common in cell sap in plant 
cell vacuole and helps in 
turgidity of cells. 


Present as calcium pectate 
in the middle lamella of 
cell walls that joins the 
adjacent cells together. 
Activates enzymes needed 
for the growth of root and 
shoot tip. Needed for 
normal cell wall 
development. Required for 
cell division, cell 
enlargement. 


Forms part of the 

chlorophyll molecule. 
Activates enzymes of 
phosphate metabolism. ‘ 
Important for synthesis of 
DNA and RNA. Essential for 
binding of ribosome subunits. 


As a constituent of amino 
acids cysteine and 
methionine and of some 
proteins. Present in 
co-enzyme A, vitamin 
thiamine, biotin and 
ferredoxin. Increases root 
development. Increases the 
nodule formation in 
legumes. 
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Iron, Fe 


Manganese 
Mn 


Molybdenum 
Mo 


Boron, B 


Copper, Cu 


Zinc, Zn 


Chlorine, Cl 


All tissues. Collects 
along the leaf veins. 


All tissues particularly 
in roots 


Leaves and seeds 


All tissues 


All tissues 


All tissues 


icc 


- 1, State any two metabolic processes for which mineral nutrition is required. 


Needed for the synthesis of 
chlorophyll. As a constituent 
of ferredoxin and 
cytochromes. Activates the 
enzymes catalase. 


Activates many enzymes of 
photosynthesis, respiration 
and N, metabolism. Acts 
as electron donor for 
chlorophyll b. Involved in 
decarboxylation reactions 
during respiration. 


Required for nitrogen 
fixation. Activates the 
enzyme nitrate reductase. 


Increases the uptake of 
water and calcium. Essentiai 
for meristem activity ana 
growth of pollen tube. 
Involved in translocation of 
carbohydrates 


Component of oxidase 
enzymes and plastocyanin. 
Involved in electron 
transport in photosynthesis. 


Component of indoleacetic 
acid — a plant hormone. 
Activates dehydrogenases 
and carboxylases. Present 
in enzyme carbonic 
anhydrase 


Essential for oxygen 

evolution in photosynthesis. 
Anion-cation balance in 
cells. 


3. -State any two functions of Ca?* in plants? 
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9.6 SYMPTOMS OF MINERAL DEFICIENCY IN PLANTS 
The absence or deficiency (not present in the required amount) of any of the 
essential elements lead to deficiency symptoms. The symptoms can be studied by 
hydroponics. Under natural conditions, these symptom can be taken as indicators 


of the mineral deficiencies in the soil. 
Notes 


Some common deficiency symptoms are : 
/@ Chlorosis - It is the loss of chlorophyll leading to yellowing in leaves. It is 
i caused by the deficiency of elements like K, Mg, N, S, Fe, Mn, Zn and Mo. 


@ Necrosis are death of tissues, particularly leaf tissue is caused by deficiency 


of K, Ca, Mg j 

{®_ Inhibition of cell division is caused due to lack or deficiency of N, K, S and 
Mo. 

/@ Stunted/Retarded plant growth caused’ by the ‘deficiency of N, P, K, 
Zn, Ca 


Premature fall of leaves and buds deficiency of K, P. 
Delay in flowering due to deficiency of N, S, Mo. 


i 9.7 UPTAKE OF MINERAL ELEMENTS 
| Plants absorb a large number. of minerals from soil. The uptake of mineral ions 


Í by the roots may be passive or active. 


| (a) Passive Absorption : It is the initial and rapid phase and ions are absorbed 
“into the “outer space” of the cells, the apoplast (Recall from lesson No. 08). 
It does not require use of any metabolic energy. 


(b) Active Absorption : It is the second phase of ion uptake. The ions are taken 
in slowly into the ‘inner space’ the symplast of cells (Lesson No. 08). It needs 
the expenditure of metabolic energy. 

| The movement of ions is called flux. When the ions move into the cells, it is called 
| influx and the outward movement of ions is called efflux. 


| The minerals ions absorbed by the root system are translocated through the xylem 


vessels to other parts of the plant. 


| 3. “Deficiency of K, Ca and Mg causes necrosis of leaves”. What does this 
| statement mean ? 
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.8 MODE OF NUTRITION IN PLANTS 


WNutritionis plants is classified into two main categories : autotrophic and heterotrophic. 
Heterotrophic plants are further classified into saprophytes, parasite and insectivores. 


Notes 
Nutrition in Plants 
Autotrophic Nutrition Heterotrophic Nutrition 


(Auto = self; trophos = feeder) (Hetero = other; trophos = feeder 
Heterotrophic plant) 


Saprophytic plants/ Parasitic plants/Parasites Insectivorous plants/ 
Saprophytes (Para = beside; sites = food) Insectivores 
(Sapros = rotten; (eat insects) 
Phyton = plant 


1. Autotrophic Nutrition 

Itis a type of nutrition in which the living organisms manufacture their own organic food 
from simple inorganic raw materials. The green plants exhibit autotrophic mode of 
nutrition, and hence called the autotrophs. The autotrophs require external energy source 
for the manufacture of organic substances. Green plants obtain energy from sunlight and 
therefore are called photoautotrophs. The process of synthesizing food in plant is called 
photosynthesis. : 


2. Heterotrophic nutrition 
Certain non green organisms like fungi and many bacteria fail to synthesize their own 
organic nutrients from inorganic substances. These organisms are thus dependent on some 
other external sources for their organic nutrition. Such plants are called heterotrophic 
plants and the mode of nutrition is called heterotrophic nutrition. 


The heterotrophic plants are broadly categorised into three main groups depending upon 
the source from which they get their nourishment. Saprophytes, parasites and insectivorous 
plants. 

(a) Saprophytes are those plants which grow and live on dead decaying organic matter 
including animal and plant remains. Most of these plants secrete some extracellular 
enzymes (enzymes secreted and poured out on food) which break down the complex 
organic compound into simple forms. The simple form are then absorbed by the 
plants. Saprophytes include mainly fungi and bacteria. Also among higher plants the 
Indian pipe plant Monotropa found in khasi hills of our country (Fig. 9.2) is a 
saprophyte. 
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(b) Parasitic Plants : Dodder (Cuscuta) known locally as Amarbel/Akashbel is a 
parasitic plant that lacks both chlorophyll and leaves. It is a yellow colour 
climber that attaches itself to the host. It gives out haustoria or the suckers that 
get attached to the phloem of the host and derive nutrition. Cuscuta does not 
have roots in the mature condition. It produces bunches of whitish or yellowish 
bell shaped flowers. 


(c) Insectovorous Plants : There are certain plants which are autotrophic but show 
heterotrophic nutrition as well in order to supplement the deficiency of a 
particular mineral in the soil. Insectivorous plants are the best examples. 
They feed on insects. They are generally found in nitrogen deficient habitats 
and hence to compensate the loss, they use insects as a source of nitrogen. Some 
examples are given below : 


(i) Pitcher plant : Nepenthes (ii) Sundew : Drosera 
(iii) Venus flytrap : Dionaea (iv) Bladderwort : Utricularia 


(a) Monotropa (b) Cuscuta (c) Nepenthes 


Fig. 9.3 Heterotrophic plants : (a) Monotropa (Indian pipe plant 
(b) Cuscuta (dodder) and (c) Nepenthes (pitcher plant) 


Pitcher plant (Nepenthes) : It is found in north eastern India, Borneo and in many 
regions of North America. 
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These plants grow well in wet soils. The leaves are modified in the form of pitchers. f Plants and Animals 
The pitcher has nectar producing glands below its rim. Shiny surface of the pitcher 

and nectar secreted by nectar glands attract the insect. Insects once trapped can not 

escape due to the presence of numerous downward pointing hairs in the pitcher. 

The digestive glands present at the base of pitcher secrete enzymes. The insect are 

digested by the enzymes and the products which are mainly aminoacids are} Notes 
absorbed by the inner surface of leaves (pitcher). 


3. Why does pitcher plant eat insects when it is capable of carrying out 
photosynthesis? 


© Plants have the nutritional requirement of various inorganic and organic raw 
materials for building their structure and maintaining body functions. 


e Nutrition is the sum total of processes involving intake or synthesis of food 
and its utilisation. " 


@ Plants generally derive their inorganic nutrients from soil, water and atmosphere. 


@ The absorption, distribution and metabolism of various mineral elements by 
plants is called mineral nutrition. 


e Plants require 17 essential elements. They are C, H, O, N, P, K, S, Mg, Ca, 
Fe, B, Mn, Cu, Zn, Mo, Cl and Ni. 


“e The essentiality of minerals may determined by employing the hydroponics 
and aeroponics. : 


e Inorganic nutrients are broadly classified into two categories micronutrients 
and macronutrients on the basis of the amount required by plant. 


e@ Absence of any one element may cause deficiency symptoms in plants. These 
symptoms include reduction in growth, delaying of flowering, chlorosis, 
necrosis, early leaf fall, wilting etc. 
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e The minerals are taken by the roots through passive or active absorption. 
© Basically, there are'two modes of nutritioin autotrophic and heterotrophic. 


e Autotrophic is a kind of nutrition in which the organisms (plants). manufacture 
their own food from inorganic raw materials by photosynthesis. 


e@ Heterotrophic is a kind of nutrition in which the organism is dependent on 
other external sources for nutrition. 


@ Heterotrophic plants are broadly categorised into three main groups; saprophytes, 
parasites and insectivorous plants. 


TERMINAL EXERCISES 


1. Which element can be obtained from both mineral and non-mineral sources. ‘ 


2. Deficiency of which essential element causes yellowing of leaves in certain 
plants and why? 


. Why is magnesium included among essential elements? 
. What are the criteria of essentiality of elements? 


. Differentiate between micro and macro nutrients. 


3 
4 
5 
6. Why do biologist grow plants by hydroponics technique? 
7. Explain the uptake of mineral nutrients by the plants. 
8. Give the deficiency symptoms of nitrogen, phosphorus and potassium. 
9. Differentiate between the different modes of heterotrophic nutrition in plants. 
10. Write notes on : 

G) Aeroponics 

(ii) Insectivorous plants 


(iii) Active absorption of minerals by plants 


ANSWERS TO INTEXT QUESTIONS 


9.1 1. Nutrients are the chemical substances in food 


2. A technique of growing plants with roots supplied with moisture present 
in the atmosphere. 


3. To supply oxygen in sufficient quantity 
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Required by plant in very small quantity. 0.1 mg per gram of dry matter 
or less. 


They are required in large quantities 1-10 mg per gram of dry matter. 


Membrane permeability, turgidity of cell, transport of electrons, enzyme 
activity (any two) 


Nitrogen 
See table 9.2 


Without expenditure of energy 


N, K, S, Mo (any two) 


The deficiency causes death of leaf tissues 


Autotrophs synthesize their own food, heterotrophs depend on others for 
food pat : - ; i 


Cuscuta (dodder) 


Because it grows in a nitrogen deficient habitat. 
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NITROGEN METABOLISM 


All the living organisms are basically composed of carbon, hydrogen, oxygen, 
nitrogen and many other forms of chemical elements. These elements contribute 
to finally organize various biomolecules present in a cell. Nitrogen is next to carbon 
in importance in living organisms. In a living cell, nitrogen is an important 
constituent of amino acids, proteins, enzymes, vitamins, alkaloids and some growth 
hormones. Therefore, study of nitrogen metabolism is absolutely essential because 
the entire life process is dependent on these nitrogen-containing molecules. In this 
lesson, you will learn about various aspects of nitrogen metabolism including 
nitrogen fixation and nitrogen assimilation in plants. 


OBJECTIVES 


After completing this lesson, you will be able to: 


© describe the modes of nitrogen fixation (both biological and abiological); 


explain the steps involved in nitrogen fixation by free living organisms; 


e 
è explain the mode of symbiotic nitrogen fixation in leguminous plants; 
è describe the assimilation of nitrate and ammonia by plants; 

® 


describe amino acid synthesis in plants. 


10.1 MOLECULAR NITROGEN 

Nitrogen is primarily present in the atmosphere freely as dinitrogen or nitrogen gas. 
It is present in the combined form as Chile saltpetre or sodium nitrate and Chile 
in South America is the major source of this nitrate nitrogen. 

Molecular Nitrogen or diatomic nitrogen (N>) is highly stable as it is triple bonded 
(N=N). Because of this stability, molecular nitrogen as such is not very reactive 
in the atmosphere under normal conditions. In the atmosphere molecular nitrogen 
is 78.03% by volume and it has a very low boiling point (-195.8°C) which is even 
lower than oxygen. Proteins present in living organisms contain about 16% 
nitrogen. i 
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(© QUESTIONS 10.1 


1. What is the percent by volume of nitrogen gas in the atmosphere? 


5. What is the boiling point of nitrogen? 


10.2 NITROGEN FIXATION (BIOLOGICAL AND ABIOLOGICAL) 
The conversion of molecular nitrogen into compounds of nitrogen especially ammonia 
is called nitrogen fixation. Nitrogen fixation, is a reductive process i.e., nitrogen fixation 
will stop if there is no reducing condition or if oxygen is present. This nitrogen fixation 
may take place by two different methods — abiological and biological. 


10.2.1 Abiological nitrogen fixation 

In abiological nitrogen fixation the nitrogen is reduced to ammonia without 
involving any living cell. Abiological fixation can be of two types : industrial and 
natural. For example, in the Haber’s process, synthetic ammonia is produced by passing 
a mixture of nitrogen and hydrogen through a bed of haha (iron oxides) ata very high 
temperature and pressure. 


500°C 


N2 +3H2 1000 atmosphere 2NH3 


This is industrial fixation and nitrogen reduced to ammonia. 
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In natural process nitrogen can be fixed especially during electrical discharges in the § 


atmosphere. It may occur during lightning storms and nitrogen in the atmosphere can 
combine with oxygen to form oxides of nitrogen 


N, +0, —>2NO—22-52NO, 


These oxides of nitrogen may be hydrated and trickle down to earth as combined nitrite 
and nitrate. 


+ 
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Chemically, this process is same as abiological, Biological nitrogen fixation is 
reduction of molecular nitrogen to ammonia by a living cell in the presence of an enzyme 
nitrogenase, 


IXATION BY FRE 


because of the presence of the enzyme nitrogenase in them. 


The process of nitrogen fixation is’ primarily confined to microbial cells like bacteria 
and cyanobacteria. These microorganisms may be independent and free living 
(Table 10.1). 


Table 10.1 : Some free living microbes which fix nitrogen 
pa 


Organisms Status 
Clostridium Anaerobic bacteria (Non photosynthetic) 
Klebsiella Facultative bacteria (Non photosynthetic) 
Azotobacter _ Aerobic bacteria (Non photosynthetic) 
Rhodospirillum Purple, non-sulphur bacteria (Photosynthetic) 


Anabaena Cyanobacteria (Photosynthetic) 


Some microbes may become associated with other oragnisms and fix nitrogen. The 
host organism may be a lower plant or higher plant. The host organism and the 
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nitrogen fixing microbes establish a special relationship called symbiosis and this results f Plants and Animals 
in symbiotic nitrogen fixation (Table 10.2), 


Table 10.2 : Some symbiotic nitrogen fixing organisms 


Lichens 


Cyanobacteria and Fungus. 


Bryophyte Cyanobacteria and Anthoceros. + 
Pteridophyte Cyanobacteria and Azolla. 
Gymnosperm Cyanobacteria and Cycas. 
Angiosperms Legumes and Rhizobium. 
Angiosperms Non leguminous and actinomycete , 

(Such as Alnus, Myrica, Purshia). 
Angiosperm Brazilian grass (Digitaria), Corn and 


* Azospirillum, 
10.3.1 Mechanism of Biological Fixation of Nitrogen 
Nitrogen fixation requires 

(i) the molecular nitrogen — 


(ii) a strong reducing power to reduce nitrogen like FAD (Flavin adenine 
dinucleotide) 


(iii) a source of energy (ATP) to transfer hydrogen atoms to dinitrogen and — 
(iv) enzyme nitrogenase 

(v) compound for trapping the ammonia formed since it is toxic to cells. 
The reducing agent and ATP are provided by photosynthesis and respiration. 


The overall biochemical process involves stepwise reduction of nitrogen to 
ammonia. The enzyme nitrogenase is a Mo-Fe containing protein and binds with 
molecule of nitrogen (N3) at its binding site. This molecule of nitrogen is then acted 
upon by hydrogen (from the reduced coenzymes) and reduced in a stepwise manner. 
It first produces dimide (NjH2) then hydrazime (NH,) and finally ammonia 
(2NH,). s 


NH; is not liberated by the nitrogen fixers. It is toxic to the cells and therefore these 
fixers combine NH, with organic acids in the cell and form amino acids. 


The general equation for nitrogen fixation may be described as follows: 


N, + 16ATP + 8H” + 8e” > 2NH, + 16ADP + 16Pi + H, 
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Molecular nitrogen is a very stable molecule. Therefore, sufficeient amount of 
| cell energy in the form of ATP is required for stepwise reduction of nitrogen to 
ammonia. 


In legumes, nitrogen fixation occurs in specialized bodies called nodules. The nodules 
develop due to interaction between the bacteria Rhizobium and the legume roots (see 
diagram 6.4c). The biochemical steps for nitrogen fixation are same. However, legume 
nodules possess special protein called LEGHEMOGLOBIN. The synthesis of 
leghemoglobin is the result of symbiosis because neither bacteria alone nor legume plant 
alone possess the protein. Recently it has been shown that a number of host genes are 
involved to achieve this. In addition to leghemoglobin, a group of proteins called nodulins 
are also synthesized which help in establishing symbiosis and maintaining nodule 


functioning. 


Leghemoglobin is produced as a result of interaction between the bacterium and 
legume roots. Apparently, Rhizobium gene codes for Heme part and legume root 
cell gene codes for Globin moiety. Both the coded products together consitute 
the final protein leghemoglobin. 


Notes 


Host Plant Cytoplasm Rhizobium in nodule 


Leg hemoglobin 


. TCA cycle 
ETS chain . 
Ferrodoxin 


Keto acid 


Nitrogen Urcides and 
NaN other amino acids 


Nitrogenase 
Fe and FeMo 
complex 


Fe and FeMo 
complex* 


Fig. 10.1 Simplified flowsheet of biochemical steps for nitrogen fixation 
Leghemoglobin is considered to lower down the partial pressure of oxygen and helps 
in nitrogen fixation. However, this function is specific for legumes only because free living 
microbes do not possess nitrogen fixing leghemoglobin. Moreover, it has also not been 
found in cyanobacterial symbiosis with other plants. 
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a INTEXT QUESTIONS 10.3 


1. Match the following: 


A j: a 
®© Azotobacter (a) anaerobic nitrogen fixer. 
(ii) Clostridium (b) aerobic nitrogen fixer 
i) Lichens (c) nitrogen fixing cyanobacterium 
(iv) Anabaena (d) symbiotic nitrogen fixer. 


2. Which Gymnospermous plant fixes nitrogen? 


3. Is there any other gas evovled during nitrogen fixation? If yes, name the gas 
evolved. 


6. Match the following: 


A B 
(i) Leghemoglobin (a) cyanobacterium 
(ii) Anabaena (b) Legumes 
(iii) Reductive process (c) nitrogen fixation 
7. Name the proteins that help in establishing symbiosis and maintain nodule 


functioning. 


10.4 NITRATE AND AMMONIA ASSIMILATION BY PLANTS 4 

As pointed in the previous section, nitrogen fixation is confined to selected microbes and 
plants. But all plants do require nitrogen because it has a role to play in the general } 
metabolism. Therefore, plants which do not fix nitrogen, use other combined nitrogen. 
sources such as nitrate and ammonia for carrying on metabolic activity. 
Nitrate is absorbed by most plants and reduced to ammonia with the help of two different 
enzymes. The first step conversion of nitrate to nitrite is catalyzed by an enzyme called 
nitrate reductase. This enzyme has several other important constituents including FAD, 
cytochrome, NADPH or NADH and molybdenum. 


i 
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NO3 + NADH + H+ Nitrate reductase NO} +NAD* +H,0 
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The overall process of nitrate reduction take place in the sas and is an energy 
dependent reaction. 


The enzyme nitrate reductase has been studied in many plants and it is observed that 
the enzyme is continuously and synthesized and degraded. The enzyme nitrate reductase 
is inducible. This means that increase in nitrate concentration in the cytosol induces more 


of nitrate redutase to be synthesized. However, when excess NHj is produced then 


it has a negative effect on the synthesis of nitrate reductase. In plants, it has also been 
observed that light also increase nitrate reductase when nitrate is available. 


In the second step the nitrite so formed is further reduced to ammonia and this is catalyzed 
by the enzyme nitrite reductase. Nitrite present in the cytosol is transported into 
chloroplast or plastids where it is reduced to ammonia. 


NO} + 3NADPH + 3H* —Nitiereductase_, NH, + 3NADP* + H,O+OH™ 


The enzyme nitrite reductase is able to accept electrons from sources such as NADH, 
NADPH or FADH}. Besides, reduced ferredoxin has also been shown to provide 
electrons to nitrite reductase for reducing nitrite to ammonia, Ammonia so formed has 
to be utilized quickly by plants because accumulation of ammonia has a toxic effect. 
Some plants including algae leach out excess ammonia which can further be oxidized to 
nitrite and nitrate by microorganisms in the soil or water. 


INTEXT QUESTIONS 10.4 


1. Which is the most reduced form of inorganic nitrogen? 


2. Match the following: 


A B 
(i) Nitrate reductase (a) nitrogen fixation 
(ii) Nitrite reductase b) nitrate reduction 
(iii) Nitrogenase : c) nitrite reduction 


3. In which pat of the cell, reduction of nitrate to nitrite occurs? 


5 In which plant organelle reduction of nitrite to ammonia is catlyzed by the 
enzyme? 


10.5 AMINO ACID SYSTHESIS BY PLANTS 


As you have noticed that ammonia formation is achieved by plants either by (i.) 
nitrogen fixation or (ii) by reduction of nitrate to nitrite. Ammonium (NH,*) is the 
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most reduced form of inorganic combined nitrogen. This ammonium now becomes the f Plants and Animals 


major source for the production of amino acids, which are the building blocks of enzymes 
and proteins. Amino acids have two important chemical groups. (i) amino group (NH) 
and (ii) carboxyl group (-COOH), 

PENT 

[eres 

R — C — COOH 
| 
NH, 


Fig. 10.2 A typical amino acid with functional groups. R represents alkyl group. 


Ammonium so produced is the major source of amino group. However, the carboxyl 
group has to be provided by other organic molecule synthesized by the plants. There 
are two major reactions for amino acid biosynthesis in plants: 


i 


10.5.1 Reductive amination reaction: 
In this reaction, ammonia combines with a keto acid. The most important keto acid 
is the alpha ketoglutaric acid produced during the operation of Krebs cycle (see 
lesson 12 Plant Respiration). The keto acid then undergoes enzymatic reductive 
amination to produce an amino acid. 


o.-ketoglutaric acid + NH3 „glutamate dehydrogenase» Glutamic acid 
(keto acid) F i (amino acid) 


Similarly another amino acid called aspartic acid is produced by reductive 
amination of oxaloacetic acid. 


Tt has been noted that reductive amination respresents the major ‘port of 
entry’ for ammonia into the metabolic stream in plants. This initiates 
synthesis of glutamic acid followed by other amino acids. 


10.5.2 Transamination reaction : : 

This is another very important reaction for amino acid biosynthesis. The reaction 
involves transfer of amino group, from already synthesized amino acid, to the keto 
acid, 


a-Ketoglutaric acid + Aspartic acid _Transaminase_, Glutamic acid + Oxalgacetic acid 
(Keto acid) (Amino acid) (Amino acid) (Keto acid) 
n the above reaction, aspartic acid has. transferred its amino group (NH3) to the 
o-ketoglutaric acid to synthesize glutamic acid and release keto acid. The reaction 
is catalyzed by enzymes called transaminases. A large number of amino acids are 
synthesized by this transamination reaction. Amino acids are organic molecule 
containing nitorgen. The incorporation of amino group, from ammonium, into keto 
acids represents the major step for synthesis of nitrogenous organic biomolecules. 
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q INTEXT QUESTIONS 10.5 


x 1. Match the following: 
N. Notes A B 
G) Aminoacid (a) keto acid 
Gi) Glutamic acid (b) amino group and carboxyl group 
Gii) +a-ketoglutaric acid (c) amino acid 


2. Name two biochemical reactions for biosynthesis of amino acids in plants. 


4. What is the source of amino group for amino acid synthesis in reductive amination 
reaction? 


© Nitrogen is an important constituent of several biomolecules such as amino acids, 
proteins and enzymes. 


@ Molecules such as vitamins, alkaloids, nucleic acids, pigments and some growth 
hormones also contain nitrogen. 


. Molecular nitrogen is triple bonded and stable. 
Nitrogen fixation is the reduction of nitrogen to ammonia. 
Abiological nitrogen fixation is an industrial process (Haber’s process) 


° 
e 

a 

© Biological nitrogen fixation takes place in a living cell. 

@ The enzyme that catalyzes nitrogen fixation is Nitrogenase. 
e 


Nitrogen fixation may take place in free living organisms or in symbiotic 
systems. | 

@ There are many symbiotic nitrogen fixation systems such as Lichens, | 
Pteridophytes, Bryophytes, Gymnosperms and Legumes. 


@ Cyanobacteria is the symbiotic component in Lichens, Bryophytes, Pteridephytes 
and Gymnosperms. 


In Legumes, the symbiont is a species of bacterium Rhizobium. 
@ Source of electrons and energy for nitrogen fixation is generally pyruvic acid. 


, 
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@ Hydrogen gas evolution may also accompany nitrogen fixation process. Plants and Animals 
.@ Nitrate is the most oxidized form and ammonium is the most reduced form of nitrogen. 

@ Nitrate is reduced to nitrite by an enzyme nitrate reductase. 
.@ Amino acids have two functional groups including amino group and carboxyl group. 

e Amino acids may be produced by reductive amination of keto acids. 

e@ Amino acids may be produced by transamination reaction. 

@ Reductive amination reactions are catalyzed by dehydrogenase.. 

e@ Transamination reactions are catalyzed by transaminases. 


cs TERMINAL EXERCISES 


1. Define nitrogen fixation. 

2. Which form of combined nitrogen may be formed during lightening storms? 

3. Name three biomolecules other than enzymes and proteins, which contain nitrogen. 

4. Name one aerobic and one anaerobic bacterium, which fixes nitrogen. 

5. Which amino acid is synthesized due to reductive amination of o-ketoglutaric acid? 

6. Differentiate between biological and abiological nitrogen fixation. j 

7. What is required for biological nitrogen fixation? 

8. How does human hemoglobin differ from leghemoglobin? 

9. What is the function of leghemoglobin? 

10. What are the functional differences between nitrate reductase and nitrite reductase? 

11. Whatis the difference between nitrogen fixation and nitrogen assimilation? Describe 
in brief the process of abiological nitrogen fixation. 

12. Describe in brief various steps involved in biological nitrogen fixation. 

13. Enumerate various free living and symbiotic nitrogen fixing system with suitable 
examples, 

14. What are the major differences between free living and leguminous nitrogen fixing 
organisms? 

15. Describe in brief nitrate and nitrite reduction in plants.. 

17. Describe in brief the reductive amination reactions for synthesis of amino acids in 
plants. 

18. Describe the transamination reaction for synthesis of amino acids in plants. How does 
this differ from reductive amination? 
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78.03 percent 2. proteins and enzymes. 


3, Because it is triple bonded. 4. 16 percent. 
5.  -195.8°C. 
10.2 1. Conversion of molecular nitrogen to ammonia. 
2 
3 


Haber’s process. 


Biological nitrogen fixation takes place in a living cell and abiological 
fixation without a living cell. 


4. Nitrogenase. 5. Oxygen. 
10.3 1. (i)b (ii) a (iii) d (iv) ¢ 
2... Cycas. 3. Yes, Hydrogen gas. 
4. 16 ATP 5. Reduced coenzymes such as Ferrodoxin 
6. (i)b (ii) a (iii) c 7. Nodulins. 
10.4 1. NH 
2- (ii) c Gii) a 
3. Cytosol. 4. Nitrate, 5. Chloroplast. 
10.5 1. (i)b * ii) ¢ (iii) a 
2. Reductive amination and transamination. 
3. Transaminases. 4. Ammonia. 
5. Alpha ketoglutaric acid. 
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PHOTOSYNTHESIS 


Photosynthesis (Photo = light; synthesis = to join) is the single most important 
process on earth on which depends the existence of human and almost all other 
living organisms. It is a process by which green plants, algae and chlorophyll 
containing bacteria utilize the energy of sunlight to synthesize their own food 
(organic matters) from simple inorganic molecules. Innumerable number of organic 
molecules. which compose the living world are derived directly or indirectly from 
the photosynthetic organic matter. The oxidation of organic compounds releases 
stored energy to be utilized by the organism to carry out essential metabolic 
processes. It is important to note that photosynthesis is the only natural process 
which liberates oxygen to be used by all living forms for the process of respiration. 
You have studied in lesson 4, that chloroplasts are the organelles that carry out 
photosynthesis or in other words they act as solar cells producing carbohydrates. 
In this lesson you will learn how plants carry out photosynthesis. 


After completing this lesson, you will be able to : 
© define photosynthesis; 


© name the different pigments found in chloroplasts and describe ‘the ultra 
structure of chloroplasts with a diagram; 


è explain the main aspects of the process of photosynthesis; 
© enumerate the steps involved in the light and dark reactions of photosynthesis; 


© define the terms absorption spectrum, electron acceptor, photophosphorylation 
and action spectrum; i i 


@ distinguish between, absorption spectrum and action spectrum; light and dark 
reactions, cyclic and non-cyclic phosphorylation, C3 and C4 photosynthesis; 


© list the environmental variables and internal factors affecting photosynthesis; 


® describe the principle of limiting factor giving suitable graphs. 
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Photosynthesis 


11.1 PHOTOSYNTHESIS 


11.1 Let us look into the significance of the process 


Significance o ; 

1. Green plants possess the green pigment, chlorophyll which can capture, 
transform, translocate and store energy which is readily available for all forms 
of life on this planet. 


2. Photosynthesis is a process in which light energy is converted into chemical 
energy. . 


3. Except green plants no other organism can directly utilise solar energy, hence 
they are dependent on green pants for their survival. 


4. Green plants can prepare organic food from simple inorganic elements 
(autotrophic) while all other organisms cannot prepare their own food and are 
called heterotrophic. 


5. During photosynthesis, oxygen liberated into the atmosphere makes the 
environment livable for all other organisms. ` 


6. Simple carbohydrates produced in photosynthesis are transformed into lipids, 
proteins, nucleic acids and other organic molecules. 


7. Plants and plant products are the major food sources of almost all other 
organisms of the earth. 


8. Fossil fuels like coal, gas, oil etc represent the photosynthetic products of the 
plants belonging to early geological periods. 


11.1.1 What is photosynthesis? 

Photosynthesis (photo-light; synthesis-to put together) is the process by which green 
plants, in the presence of light combine water and carbon dioxide to form 
carbohydrates, oxygen is released as a by product. Current knowledge of 
photosynthesis has resulted from discoveries made over 300 years of work. Some 
landmark experiments are given in the box below. À 


è Joseph Priestly and later Jan Ingenhousz showed that plants have the 
ability to take up CO, from the atmosphere and release O,. 

e Ingenhousz also discovered that release of O, by plants was possible only 
in presence of sunlight and by the green parts of the plant. 

e Robert Hill demonstrated that isolated chloroplasts evolve O, when they 

are illuminated in the presence of electron acceptor which get reduced. 

This reaction called Hill reaction accounts for the (break down) use of 


water (photolysis) as a source of electrons for CO, fixation and release 
of O, as by-product. 


Photosynthesis is represented by the following overall chemical equation: 


Chlorophyll 
Sunlight 
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In photosynthesis CO, is fixed (or reduced) to carbohydrates (glucose CgH 120g). Plants and Animals 
Water is split in the presence of light (called photolysis of water) to release Op. 
Note that O, released comes from the water molecule and not from CO3. 


11.1.2 Where does photosynthesis occur? 

Photosynthesis occurs in green parts of the plant, mostly the leaves, sometimes the 
green stems and floral buds. The leaves contain specialised cells called mesophyll 
cells which contain the chloroplast the pigment containing organelle. These are 
the actual sites for photosynthesis. 

Look at the figure 11.1 to recollect what you learnt about the structure of chloroplast 
in the lesson-4 Cell Structure and Function. 


Sunlight 


Upper epidermis 


Catt watt Palisade cell 
ell wa 
$ Vessels carryii 
Cytoplasm n AE water arrying 
Vacuole ater Water passes into-¥ x 
cell from vessel # Cells carrying 
In the chloroplast by osmosis food made in leaf 
carbon dioxide and 
water combine to | hs Pp 
make sugar Carbon dioxide ANEK -W Aikat Carbon dioxide 


rs aros 
a 20%, 
Carbon dioxide enters leaf i 


Nucleus | _ through a stoma (pore) 


Fig. 11.1 Structure of chloroplast 


11.2 PHOTOSYNTHETIC PIGMENTS 
The thylakoids. of the chloroplast contain the pigments which absorb light of 
different wave length and carry out the photochemical reaction of photosynthesis. 


The role of the pigments is to absorb light energy, thereby converting it to chemical 
energy. These pigments are located on the thylakoid membranes and the chloroplasts 
are usually so arranged within the cells that the membranes are at right angles to 
the light source for maximum absorption. The photosynthetic pigments of higher 
plants fall into two classes the chlorophyll and carotenoids. 

The photosynthetic pigment chlorophyll is the principle pigment involved in 
photosynthesis. It is a large molecule and absorbs light in the violet blue and in 
the red region of the visible spectrum and reflects green light and thus leaves appear 
green in colour. Carotenoids (carotene and xanthophyll) absorb light in the regions 
of the spectrum not absorbed by the chlorophyll. 
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Forms and Function of 3 
Plants and Animals Chlorophyll a (a special type of chlorophyll) is the main pigment that traps solar. 
energy and converts it into electrical and chemical energy. Thus it is called the 
reaction centre, 


All other pigment such as chlorophyll b and carotenoids are called accessory pigments 
since they pass on the absorbed energy to chlorophyll a (Chl.a) molecule. These pigments, 
that is the reaction centres (Chl. a) and the accessory pigments (harvesting centre) are 
packed into functional clusters called photosystems. Photosystems are of two types 
PSI and PSII. i 


About 250-400 pigment molecules constitute a single photosystem. Two different 
photosystems contain different forms of chlorophyll a in their reaction centres. In 
photosystem I (PSI), chlorophyll a with maximum absorption at 700 nm (P700) 
and in photosystem II (PSII), chlorophyll a with peak absorption at 680 nm (Pgo), 
act as reaction centres. (P stands for pigment). The primary function of the two 
photosystems, which interact with each other is to trap the solar energy and convert into 
the chemical energy (ATP). The differences between them are given in the following 
table 11.1. 


Table 11.1 Difference between Photosystem I and Photosystem II 


Photosystem I 


@ PS I has a reaction centre of 
chlorophyll ‘a’ molecule with 
maximum light absorption at 700 nm 
wavelength. This reaction centre is 
also referred to as P29. 


PS I has a reaction centre of 
chlorophyll ‘a’ molecule with maximum 
light absorption at 680 nm. This 
reaction centre is also referred to 

to as Poso: 


© Primary electron acceptor is an iron 
protein (Fe-Sprotein) 


© Primary electron acceptor in a colourless 
less chlorophyll a that lacks magnesium 
(Mg) and is known as phaeophyll a. 

@ A set of electron carriers the phaeophytin 
plastoquinone, cytochromes, 


© A set of electron carriers the 
plastocyanin, ferredoxin and 
cytochrome 


11.3 ROLE OF SUNLIGHT IN PHOTOSYNT 


Light consists of small particles or packages of energy called “photons”. A single 
photon is also called quantum. What does the chlorophyll do? It absorbs light 
energy. 


Chlorophyll molecules absorb light energy and get into an excited state and 
lose an electron to the outer orbit. No substance can remain in an excited 
state for long, so the energised and excited chlorophyll molecule comes 
down to a low energy state known as ground state and release the extra 
amount of energy. This energy can be lost as heat, or as light (flourescencé) 
or can do some work. If photosynthesis, it works by splitting water 
moelcule to produce H* and OH- ions. 
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Carotene is orange-yellow pigment present along with chlorophylls in the 
thylakoid membrane. A carotene molecule breaks down into the vitamin A 
molecules. It is this pigment which gives carrot its colour. 


Absorption and Action Spectra 

For investigating a process such as photosynthesis that is activated by light, it is 
important to establish the action spectrum for the process and to use this to identify 
the pigments involved. An action spectrum is a graph showing the effectiveness of 
different wavelengths (VIBGYOR) of light in stimulating the process of photosynthesis, 
where the response could be measured in terms of oxygen produced at different 
wavelengths of light. An absorption spectrum is a graph of the relative absorbance 
of different wavelengths of light by a pigment. An action spectrum for 
photosynthesis is shown in Fig. 11.2 together with an absorption spectrum for the 
combined photosynthetic pigments. Note the close similarity, which indicates that the 
pigments, chlorophyll in particular, are responsible for absorption of light in 
photosynthesis. 

All wavelengths of light are not equally effective in photosynthesis i.e. the rate of 
photosynthesis is more in some and less in others. 


Notes 


(b) 


Action spectrum 


Rate of photosynthesis 


(@) Absorption spectrum 


[=i 
S 
Eei Chlorophyll b 
2 Chlorophyll a 
A 
400 500 600 


Wave length action 


Fig. 11.2 Spectra of electromagnetic radiation B. Action Spectrum: 


Photosynthesis is very little in green and yellow light, because these rays 
are reflected back from the leaf. Photosynthesis is maximum in blue and 
red light. 


1. (i) Define photosynthesis 
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Plants and Animals Gi) Give the overall general chemical equation of photosynthesis. 


2. (i) List the two categories of photosynthetic pigments. 


(i) Which pigments are known as accessory pigments? 


3. (i) What does chlorophyll do to the light falling on it? 


(ii) Which pigment system absorbs the red wavelength of light? 
4. Answer the following 
(i) Inwhich colour of light, rate of photosynthesis is minimum and in which colour 
of light it is maximum? 


(ii) Name the type of energy thatis used in the process of photosynthesis. In which 
form does this energy get stored in plant body? 


5. Which molecule is the source of evolution of oxygen in photosyntheisis— CO, or 


11.4 PHOTOCHEMICAL AND BIOSYNTHETIC PHASE 
@ The entire process of photosynthesis takes place inside the chloroplast. The structure 


of chloroplast is such that the light dependent (light reaction) and light independent 
(Dark reaction) take place at different sites in the organelle. 


@ The thylakoids have the pigments and other necessary components to absorb light 
and transfer electrons to carry out the light reaction or Electron Transport Chain 
(ETC). In ETC upon absorption of light, the electrons from PSII and PSI are boosted 
to a higher energy level i.e. the electrons acquire excitation energy. As the electrons 
gain this energy, they are accepted by the electron acceptor which in turn is reduced, 
leaving the reaction centres of PSII and PSI i.e. Pegg and Po) molecules in an 
oxidised state. This represents the conversion of light energy into chemical energy. 
The electrons then travel downhill in energy terms, from one electron acceptor to 
another in a series of oxidation reduction reaction. This electron flow is ‘coupled’ 
to the formation of ATP. In addition, NADP is reduced to NADPH). The products 
of light reaction called the reducing power (ATP and NADPH,) move out of the 
thylakoid into the stroma of the chloroplast. 


@ Inthe stroma goes on the second step (dark reaction or biosynthetic pathway) 
where CO, is reduced by the reducing power generated in the first step and 
carbohydrates are produced. 


Let us study these two steps in some more detail in the next part of the lesson. 
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11.4.1 Electron transport chain in photosynthesis 

It starts as the PSII absorbs light energy and passes it on to its reaction centre, Peso- 
When Pego absorbs light, it is excited and its electrons are transferred to an electron 
acceptor molecule (Primary electron acceptor) and it itself comes to the ground 
state. However by losing an electron Pggo is oxidised and in turn it splits water 
molecule to release O>. This light dependent spliting of water is called photolysis. 
With the breakdown of water electrons are generated, which are then passed on 
to the electron deficient Pego. (which had transferred its electrons earlier). Thus the 
oxidised Pego regains its lost electrons from water molecules. 


The reduced primary acceptor now donates electrons to the down stream components 
of the electron transport'chain. The electrons are finally passed onto the reaction 
centre P79 of PSI. During this process, energy is released and stored in the form 
of ATP. 


Similarly, PSI also gets excited when it absorbs light and P79 (Reaction centre of 
PSI) gets oxidised as it transfers its electrons to another primary acceptor molecule. 
While the oxidised Py) draws its electrons from PSII, the reduced primary 
acceptors molecule of PSI transfers its electrons via other electron carrier to NADP 
(Nicotinamide Adenine Dinucleotide Phosphate) to produce NADPH), a strong 
reducing agent. Thus we see. that there is a continuous flow of electrons from the 
H,O molecules to PSII to PSI, and finally to the NADP molecule which is reduced 
to NADPH>. NADPH, is then utilised in reduction of CO, to carbohydrates in the 
biosynthetic path way. 


Y 
Cytochrome 
lex 


Fig. 11.3 Non-cyclic photophosphorylation PQ = Plastoquinine, 
PC-Plastocyanin Fd= Ferrsdoxin 
© Reduction of CO, to carbohydrate also requires ATP which too are generated 
via electron transport chain. As the energy rich electrons pass down the electron 
transport system, it releases energy which is sufficient to bind inorganic 
phosphate (Pi) with ADP to form ATP. This process is called phosphorylation. 


BIOLOGY z 


MODULE - 2 


Forms and Function of i 


Plants and Animals 


Notes 


MODULE - 2 


Forms and Function of 
Plants and Animals Since this takes place in presence of light it is called Photo pheenhoryi a 
It occurs in chloroplast in two ways: 


(a) Non-cyclic photophosphorylation where electrons flow from water 
molecule to PSII and then to PSI and ultimately reduce NADP to 
NADPH). since the electrons flow in unidirection it is called non cyclic 
photosphorylation (Fig. 11.3). a 

(b) Cyclic photophosphorylation under certain condition when non-cyclic 
photophosphorylation stops, cyclic photophosphorylation occurs and it 
involves PSI only. During this process electrons from PSI are not passed 
on to NADP. Instead the electrons are returned to the oxidised P99 
molecule. This downhill movement of electrons results in ATP formation, 
Thus this is termed as cyclic photophosphorylation (Fig. 11.4). 


Fig. 11.4 Cyclic photophosphorylation 


Table 11.2 Differences between cyclic and non-cyclic 


photophosphorylation 
Cyclic photophosphosylation Non-cyclic photophosphorylation 
1. Only PSI in functional. 1. Both PSI and PSII are functional. 
2. Electron comes from the chlorophyll f 2. Water is the source of the electorns 
molecule and returns to the chlorophyll and NADP is the final acceptor of the 


electron. The electron goes out the system. 


w 


Reduced NADP (NADPH)) is not formed. | 3. Reduced NADP i.e., NADPH; is formed 
which is used in the reduction of 
carbondioxide. 


4. Oxygen is not evolved 4. Oxygen is evolved as a by product. 


5. This process is formed mainly in 5. This mainly takes place in green plants. 
photosynthetic bneteria. 
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Extra ATP can be made via cyclic photophosphorylation. The efficiency of energy 
conversion in the light reactions is high and estimated at about 39%. 


11.5 BIOSYNTHETIC PATHWAY (DARK REACTION) 


e BothNADPH, and ATP produced during light reaction are essential requirements 
for synthesis of carbohydrates. 

© These series of reaction which catalyse the reduction of CO, to carbohydrates 
(also called fixation of CO,) take place in the stroma of the chloroplast. 

e These reactions are independent of light i.e. light is not necessary but can 
continue in light as well, Thus it is also called dark reaction. 

e The carbon fixation reactions produce sugar in the leaves of the plant from 
where it is exported to other tissues of the plant as source of both organic 
molecule and energy for growth and metabolism. 

© There are two major pathways by which CO) fixation (Dark reaction) takes 
place. 


11.5.1 C, cycle (also called Calvin cycle after its discoverer, Melvin Calvin) 
In this cycle, initially the atmospheric CO) is accepted by a 5-carbon sugar ribulose 
bisphosphate (RuBP) and two molecules of 3-carbon compound, 
3-phosphoglyceric acid (PGA) are formed. This 3-carbon molecule is the first stable 
product of this pathway and hence the name C3 cycle. Formation of PGA is called 
carboxylation. This reaction is catalysed by an enzyme called ribulose bisphosphate 
carboxylase Ru bisco. This enzyme is probably the most abundant protein on earth. 


Atmosphere 


CO, + H,0 


Ribulose — 1 
'5-bisphosphate 


© Carboxlation 


ADP 


Regeneration 


3-phospoglycerate 


ATP 
+ 
ATP ] — NADPH 
© Reduction 
Triose ls 
phosphate ATP 
+ 

P; NADPH™ 


Sucrose, starch 


Fig. 11.5 The Calvin cycle 
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Plants and Animals @ In the next step, PGA is reduced ,to 3-carbon carbohydrate called triose 
phosphate using NADPH, and ATP (from light reaction). Much of these 
molecules are then diverted from the C, cycle and used for synthesis of other 
carbohydrates such as glucose and sucrose. 


e@ To complete the cycle, the initial 5-carbon acceptor molecule, RuBP is 
regenerated from the triose phosphates using ATP molecule thus the C3 cycle 
continues of C3 cycle. 


11.5.2 C4 Cycle (or Hatch and Slack Cycle) 

@ The C, cycle seems to be an adaptation for plants growing under dry hot 
environment. Such plants can photosynthesise even in the conditions of very 
low CO, concentration and under partial closure of stomata. 


e Such plants can thus grow at low water content, high temperature and high light 
intensity. Sugar cane, maize are some such plants. 


e@ Photorespiration (oxidation of RuBP in presence of O,) is absent in these 
plants. So the photosynthetic rate is high. (For detail of photorespiration refer 
to lesson-12 Plant Respiration Section No. 12.5) 


@ The leaves of C, plants show special anatomy called Kranz anatomy. These 
are : A 
(a) The vascular bundles have a sheath of large parenchyma cells around 
them in the form of a wreath thus the name Kranz anatomy (Kranz : 
wreath) 


(b) Leaves possess two types of chloroplasts (dimorphic chloroplasts) 


(c) Chloroplasts in the mesophyll cells are smaller and have well developed 
grana but do not accumulate starch. 


(d) Chloroplasts in the bundle sheath cells are larger and lack grana 
(agranal chloroplasts) but contain numerous starch grains. (See 
Fig. 11.6). 


F ‘Bundle sheath cells Cuticle 


Upper epidermis 


Mesophyll cell re — 


Fig. 11.6 Transverse section of maize leaf showing 
e In C4 plants, the initial acceptor of CO, is phosphoenol pyruvic acid or PEP, 
a 3-carbon compound. It combines with CO, in presence of an enzyme 
Phosphoenol pyruvate carboxylase (PEPCase) and forms a C, acid, oxaloacetic 
acid (OAA) This fixation of CO, occurs in the cytosol of the mesophyll cells 
of the leaf. OAA is the first stable product of this cycle and hence the name 
C, pathway. 
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e OAA then travels from mesophyll cells to the chloroplasts of bundle sheath cell f Plants and Animals 
where it releases the fixed CO,. C3 cycle operates within these cells and this 
CO, immediately combines with RuBP and C3 cycle continues producing 
sugars. (See Fig. 11.7). 


Atmospheric CO, Notes 
Mesophyll Plasma membrane 
cell aw 
Cell wall 


HCO,” Phosphoeno 
pyruvate 


C, acid 


C, acid 


Plasmo-desmata 


C acq Fixation by 
sega Calvin cycle 
COA 


Decarboxylation fi 


Fig. 11.7 The C4 photosynthetic carbon cycle 


e Thus in C4 pathway of dark reaction, there are two carboxylase enzymes that 
take part-PEPCase in the mesophyll cells and Rubisco in the bundle sheath cells. 


© The differences between C, and C4 plants are tabulated below. 


Table 11.3 Difference between C3 and C4 Plants 


C, Plants 


Occurs twice, first in mesophyll 
cells, then in bundle sheath cells. 


Carbon dioxide Occurs once 


fixation 
Carbon dioxide RuBP, a 5-C- Mesophyll cells. PEP (Phosphoenol 
acceptor compound Pyruvic acid), a 5C-compound. in the 


bundle sheath cells-RuBP 


PEP caboxylase which is very 
efficient. 

RuBP carboxylase, works efficiently 
because carbon dioxide 
concentration is high. 

A Cy acid, €.g- oxaloacetic acid 


Carbon dioxide 
fixing enzymes 


RuBP carboxylase, 
which is inefficient 


First product of A C; acid, PGA 


photosynthesi.: 
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Plants and Animals Leaf anatomy Only one type of Kranz’ anatomy, i.e., two types 
chloroplast’ of cell. each with its own type of 
chloroplast, 

Photorespiration Occurs: oxygen is an Is inhibited by high carbon 
inhibitor of dioxide concentration. Therefore 
photosynthesis atmospheric oxygen is not an 

inhibitor of photosynthesis. 

Efficiency Less efficient More efficient photosynthesis 
plotosynthesis than than C3; plants. Yields usually 
Cy, plants. Yields much higher. 


usually much lower. 


EMM 


3. What is the role of the enzymes (i) rubisco (ii) PEPCase and where are they 
present? 


5. Differentiate between the chloroplasts present in the mesophyll cells and in the 
bundle sheath cells of the leaf of a C, plant. 


7. Name the two sets of reactions in photosynthesis in which light energy is 
required. ; 


11.6 FACTORS AFFE 


TING RATE OF PHOT( 


’NTHESIS 


11.6.1 Factors affecting Photosynthesis 


Factor affecting photosynthesis can be divided into two broad categories, the 
internal and external (environmental) 


(i) Internal Factors 


1. Chlorophyll : The amount of chlorophyll present has a direct relationship with 
the rate of photosynthesis because this pigment which is photoreceptive and 
is directly involved in trapping light energy. $ 
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2. Leaf age and anatomy : Newly expanding leaves show gradual increase in rate f Plants and Animals 
of photosynthesis and the maximum is reached when the leaves achieve full size. 
Chloroplast functions decline as the leaves age. Rate of photosynthesis is influenced 
by variation in (i) number, structure and distribution of stomata, (ii) size and distribution 
of intercellular spaces (iii) relative proportion of palisade and spongy tissues (iv) 
thickness of cuticle ete. Notes 


3. Demand for photo synthate : Rapidly growing plants show increased rate of 
photosynthesis in comparison to mature plants. When demand for photosynthesis 
is lowered by removal of meristem the photosynthetic rate declines. 


(ii) External Factors 
The major external factors which affect the rate of photosynthesis are temperature, 
light, carbondioxide, water, mineral elements etc. 


Concept of limiting factors : When a process is affected by various factors, the 
rate of the process depends upon the pace of the slowest factor. For example, out 
of light carbon dioxide and temperature, it is seen that when all three factors are 
optimum, the rate of photosynthesis is maximum. However of the three factors even 
if one of the factors become suboptimal and the other factors remain optimal, the 
rate of the process decline substantially. This known as law of limiting factors or 
law of minimum shown by Blackman in 1905. It is defined as when a process is 
conditioned as to its rapidity by a number of separate factors, the rate of the process 
is limited by the pace of slowest factor. 


Light : The rate of photosynthesis increases with increase in rate of intensity of 
light or rate of photosynthesis is directly proportional to light intensity. Except on 
a cloudy day light is never a limiting factor in nature. 


At a certain light intensity the amount of CO, used in photosynthesis and the amount 
of CO, produced in respiration are the same. This point of light intensity is known 
as compensation. point. 


Wavelength of light affects rate of photosynthesis. Red light and to some extent 
blue light has an enhancing influence on photosynthesis (See action spectrum). 


Temperature : Very high and very low temperature affect the rate of photosynthesis 
adversely. Rate of photosynthesis will rise with temperature from 5°-37°C beyond 
which there is a rapid fall, as the enzymes involved in the process in the dark 
reaction get inactive at the temperature. Between 5°-35°C, with every 10°C rise 
in temperature rate of photosynthesis doubles or Qjo is 2 (Q = quotient). 


Carbon dioxide : Carbon dioxide being one of the raw materials for photosynthesis 
its concentration affects the rate of photosynthesis markedly. Because of its very 
low concentration (0.03%) in the atmosphere, it acts as limiting factor in natural 
photosynthesis. At optimum temperature and light intensity, if carbon dioxide 
supply is increased the rate of photosynthesis increases markedly. 


Water : Water has an indirect effect on the rate of photosynthesis. Loss of water 
in the soil is immediate the felt by the leaves which close down the stomata thus 
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Plants and Animals hampering the absorption of CO, from the atmosphere. This causes decline in 
photosynthesis. 


Mineral elements : Some mineral elements like copper, manganese, chloride etc. 
which are components of photosynthetic enzymes or magnesium as a component 
of chlorophylls also affect the rate of photosynthesis indirectly by affecting the 
synthesis of photosynthetic enzyme and chlorophyll respectively. 


11.7 CHEMOSYNTHESIS 


Chemosynthesis 


When plants utilise light energy to reduce carbon dioxide to carbohydrates, they 
are called photosynthetic autotrophs. There are organisms which can utilise 
chemical energy released during biological oxidation of certain inorganic substances 
to reduce carbon dioxide to carbohydrate. These bacteria are called chemosynthetic 
autotrophs. 


This is found in many colourless bacteria and because they use chemical energy 
to reduce carbon dioxide, this process’ of carbohydrate synthesis is known as 
chemosynthesis. 


Chemosynthesis may be defined as “the method of carbon assimilation when the 
reduction of CO, is carried out in darkness, utilising the energy obtained from 
oxidations of inorganic substances. 


The common chemosynthetic forms are : 
G) Nitrifying bacteria. Nitrosomonas oxidises NH3 to NO, 
(ii) Sulphur bacteria 
(iii) Iron bacteria 
(iv) Hydrogen and methane bacteria 
Differences between photosynthesis and chemosynthesis 


| Chemosynthesis Photosynthesis 


It occurs only in colourless aerobic 
bacteria 


1. This process occurs in green plants 
including green bacteria. 

2. During this process CO, is reduced 
to carbohydrates without light 
and chlorophyll. 


2. CO, and H,0 are converted into 
carbohydrates in the presence of 
light and chlorophyll. 

3. Here chemical energy released 
during oxidation of inorganic 
substances is used up to synthesise 
carbohydrates. 


4. No pigment molecule is involved and 
oxygen is not evolved. 


3. Light energy is converted into chemical 
energy and stored in the form of 
carbohydrates. 


4. Several pigments are involved and 
oxygen is evolved as a byproduct. 
5. No photophosphorylation takes place. 5. Photophosphorytion takes place i.e. ATP 


is produced. 
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Notes 
2. State the principle of limiting factor. 
e Green plants are capable of synthesizing carbohydrates from CO, and H,O in 
the presence of light, by the process of photosynthesis. 
e During photosynthesis ‘light energy’, which is captured by the photosynthetic 
pigments (chlorophyll, carotenoids and xanthophylls) present in the chloroplasts, 
is converted into chemical energy. 


© Photosynthesis in general is expressed by the following equation: 


6CO} + 12Hj0 —SPSP™™ CH0 + 6H,0 + 60, 


@ -Photosynthesis comprises two sets of reactions: 

e Light reactions: which take place in grana only in the presence of light. 

@ Dark reactions: Which occur in the stroma of chloroplast and are independent 
of light. 

© Light energy is used for splitting of water, and actual reduction of CO, takes 
place in the dark reaction. 

© Light reaction occurs in two functional units photosystem-I and 

photosystem-IL. 

During light reaction phosphorylation of ADP to ATP may occur in two ways, 

cyclic and non-cyclic. 

During dark reactions CO, is accepted by Ribulose biphosphate (RuBP) and 

the first stable product. 3-PGA (3 phosphoglyceric acid) is formed, which by 

further cyclic reactions (Calvin Cycle) leads to the formation of carbohydrates 

as well as in regeneration of RuBP. 

In Cy plants like maize, jawar, bajra, the primary acceptor of CO, is in 

mesophyll cells and the first detectable product of dark reaction 1s oxaloacetic 

acid (OAA), whereas in the bundle sheath cells CO, fixation occurs viz. 

Calvin cycle. 
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Plants and Animals - fe Leaf anatomy of C4 plants is known as “Kranz anatomy” and is characterized 


by the presence of a sheath of parenchyma cells around a vascular bundle 
(bundle sheath). Cells of this sheath have larger chloroplasts which lack grana 
and are filled with starch grains. In contrast mesophyll cells contain chloroplasts 
which are smaller but have well developed grana. 


e Rate of photosynthesis is influenced by (i) environmental factors such as light, 
temperature, carbon dioxide concentration and water, and (ii) internal factors 


Photosynthesis 


| 
| 


| 


which include age of leaf, chlorophyll content and leaf anatomy. 


A SUMMARY OF PHOTOSYNTHESIS 


Light dependent stage 


-|-» HO CLP Ea as 
hee saom srona [ 

BP eel we j CH,0; 

out Water split CO, reduced (CHO) 


e occurs in the thylakoid membranes 
of the grana 


e largely a photochemical change, 
requiring light energy 


e light energy is converted to chemical 
energy in the form of ATP and NADPH; 
water is split into hydrogen and oxygen; 
hydrogen is combined in NADPH); 
oxygen gas is released as a byproduct 


e chlorophylls are grouped together in 
units of about 300 molecules (known as 
photosystems); two types exist, 
photosystems I and TI 


@ light energy absorbed by the photo- 
systems causes electrons from chlorophyll 
to be raised to a high energy level and 
to pass to NADPH); ATP is generated; 
water is split and provides the electrons 
to the photosystem and the hydrogen 
for NADPH, production: ` 


2H,0 + 2NADP ===> 0; + 2NADPH, 
eae. TP (considerable, but 


Photosynthesis 


Light-independet stage 


carbohydrate 


Tt 
Light-dependent stage Light independent stage 


e occurs in the stroma 


a series of biochemical changes, each 
reaction catalysed by an enzyme 


carbon dioxide is converted to compounds 
such as carbohydrates (with the chemical 
energy of ATP and NADPH2); the reactions 
of the light-independent stage are known 

as the Calvin cycle 


carbon dioxide is combined with ribulose 
bisphosphate (the acceptor substance) and 
the product splits instantly into two 
molecules of glycerate 3-phosphate (GP, 
the first product of photosynthesis) 


GP is reduced to a three-carbon sugar, 
triose phosphate; then, in a series of 
reactions, the acceptor molecule is 
regenerated and sugars, starch and other 
substances are formed from 

triose phosphate: 


3ATP, 3ADP + 3P; 


x 


co, oil ah (CH,0) + H,O 
A NA 


2NADPH, 2NADP 
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Light 


Stroma 


ADP Starch 
+P; 


Grana } 
Water Photosystem I + I 
Sucrose 


Organic 
acid 
amino acid 
lipids 


Triose 


Galvin 


Oxygen cycle molecule 
Energy currency +CO, 


[i 
[i 
i 
(ATP) and reducing 1 Glycerate 
i a 
t 


power (NADPH;) 3-phosphate 
(GP) 


Carbon dioxide 


ERMINAL EXERCISES 
1. Describe briefly the process of photosynthesis. 


2. Write short notes on (i) Ultrastructure of chloroplast and (ii) Pigments involved in 
photosynthesis. 


Which pigments are known as accerory pigments and why? 

Mention path of electrons in the light reaction of photosynthesis. 

What do you understand by photophosphorylation. 

Discuss photolysis of water and its significance. 

Describe the reactions occurring during dark reaction of photosynthesis. 


Differentiate C; and C4 plants. 


O PIN p umep 


Differentiate between PSI and PSII. 

10. What are the products of light reactions. What is the fate of these. products? 
11. Why is cyclic photophosphorylation called so? 

12. What is Kranz anatomy? 

13. Name the two carboxylase enzymes in C4 cycle. 

14. What is a chemosynthetic autotroph? 


15. How does CO, concentration effect the rate of photosynthesis? 
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Itis the process by which green plants produce food (carbohydrates) 
from simple substances like CO, and water in presence of sun light 
and chlorophyll. 


Gi) 6CO, + 120 SE > CHO + 6HO + 60, 


2. (i) Chlorophyll and carotenoids. 
(ii) Carotenoids and chlorophyll b 

3. (i) Absorb it and then convert it into electrical and chemical energy. 
(ii) Chlorophyll a and b 


4. (i) | Manimum in green and yellow light and maximum in blue and red 
light. 


(ii) _ light energy; chemical energy 
5. From photolysis of water in PSII 
11.2 1. NADP acts as an electron acceptor.and gets reduce the NADPH). 


2. It is called dark reaction because it is independent of light i.e. can occur 
both in light and in dark. 


3. (i) Rubisco is a part of C} cycle and combine with CO, to produce 
a C} compound called PGA. 


(ii) PEPCase is a part of C4 path way and combines with CO, to form 
a C4 compound called OAA. 


Rubisco is present in the mesophyll cells of C3 plants and in the 
bundle sheath cell of C4 plants. 


PEPCase is only found in mesophyll cells of C, plants. 
| 4. See text 


See text 


Du 


. C4 plants have no photorespiration and thus there is no loss of carbon 
dioxide. 


-7. (i)  Photolysis of water 


11.3 1. leaf age, chlorophyll content, leaf anatomy (size internal structure, 
stomatal distribution) 


2.0See:text 
3. Nitrosomonas 


| 
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RESPIRATION IN PLANTS 


Two most important prerequisites of life are continuous supply of materials for 
growth of body and energy for carrying out various life processes. All systems, from 
cell to ecosystem, require energy to work. As you have already studied, light energy 
is converted into chemical energy by plants during photosynthesis and this energy 
is then stored in the bonds of complex molecules such as glucose, starch etc. It 
is these complex molecules which are given the name ‘food’. 


However, the energy in the food has to be made available to the cells in a usable 
form. This is the role of respiration. Respiration is the process by which energy 
in organic molecules is released by oxidation. This energy is made available to the 
living cells in the form of ATP (Adenosine Tri-Phosphate). The O, required for 
respiration is obtained from the atmosphere. ATP is the energy currency of the cell. 
This lesson covers various aspects of respiration in plants. 


OBJECTIVES 
After completing this lesson, you will be able to : 
© define respiration, fermentation, photorespiration and respiratory quotient; 


© list the basic events of anaerobic respiration and write the chemical equation 
representing it; 


© state the role of fermentation in industry; 
® compare aerobic and anaerobic respiration; 
è draw the flow chart to show the basic steps in Kreb’s cycle; 


© explain how actually energy is released and stored in the form of ATP in the 
cell; 


© account for 38 ATP molecules that are released during aerobic respiration; 


© list the factors that influence the rate of respiration and appreciate the 
usefulness of RQ value of different food items. 
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Respiration is the stepwise oxidation of complex organic molecules and release of 
energy as ATP for various cellular metabolic activities. Respiration involves 
exchange of gases between the organism and the external environment. The plants 
obtain oxygen from their environment and return carbon dioxide and water vapour 
into it. This mere exchange of gases is known as external respiration or breathing 
in case of animals. It is a physical process. 


The biochemical process, which occurs within cells and oxidises food to obtain 
energy, is known as cellular respiration. Various enzymes (biocatalysts) catalyze 
this process. The process by which cells obtain energy from complex food 
molecules depends upon whether or not oxygen is present in their environment and 
utilised. Respiration is termed aerobic when oxygen is utilized and anaerobic when 
oxygen is not utilized. In anaerobic respiration, organic molecules are incompletely 
broken down in the cytosol of the cell and only a small fraction of energy is captured 
as ATP for use by the cell. In aerobic respiration the reactions of anaerobic 
respiration are followed by an oxygen requiring process that releases much larger 
quantity of energy in the form of ATP. This occurs in the mitochondria of the 
eukaryotes and in the plasma membrane of the prokaryotes. 


It is important for you to note that many common processes occur in both, anaerobic 

and aerobic respiration, such as, 

e Oxidation reaction to release chemical energy from complex food. 

e Use of coenzyme as carriers of hydrogen to remove the hydrogen from the 
organic. molecule leading to reduction of the coenzyme and oxidation of the 
substrate. Most of the hydrogen carriers are NAD (nicotinamide adenine 
dinucleotide) and FAD (flavin adenine dinucleotide). These are later reoxidised, 
releasing energy for ATP synthesis 

e Use of high-energy phosphate compounds like ATP for energy transfer. 

The basic differences between the two forms of respiration are given in the 

following table 12.1. i 


Table 12.1 Differences between aerobic and anaerobic respiration. 


Aerobic (Aero = Air) Anaerobic (Anaero = No Air) 
en. 


1. Takes place in presece of oxyg 1. Takes place in complete absence of 


oxygen. 
2. Leads to complete oxidation of | 2. Incomplete oxidation of organic 
organic substrate. substrate takes place. 


3. It is most common in higher | 3. Takes place in lower organisms 
organisms (both plants and animals), such as bacteria, fungi, and in higher 
animals under limiting conditions 
of oxygen (e.g. in muscles when 
oxygen present is insufficient). 
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4: C6H0 —> 6CO, + 6H;0 4. CgH,,06 —> 2Ethyl alcohol + Plants and Animals 
+ 60, +38 ATP 2CO, +2 ATP 
(as in yeast) 
OR 
CH),0, — 2 Lactic acid + — 
2 ATP Dons 


(as in muscles) 


5. Takes place in the cytoplasm, and | 5, Takes place in the cytoplasm. 
mitochondria in eukaryotes and 


plasma membrane in prokaryotes. 


Coenzyme is a complex non-protein molecule which is temporarily bound 
to an enzyme and acts as a link between metabolic pathways, (series of 
biochemical reactions). 


Qo 


1. How do plant and other organisms obstain energy for various activites such as 
growth? 


12.2 EXTERNAL RESPIRATION/GASEOUS EXCHANGE 
© In plants, the atmospheric air moves in and out by simple diffusion that takes 
place through, 

(a) the general body surface of the plant (stems, roots, fruits and seeds); 
(b) lenticels (openings in the bark of the tree trunk (Fig. 12.1); 


(c) stomata present in the leaves and young stems. 


~ Epidermis 
ae elles 

— Phellogen 
FS phelloderm 
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Plants and Animals ® Plants do not need O, carrier (in contrast to animals) where O2 is carried by 


blood). This is because O, requirement is less than in animals and plants. have 
a large surface area (leaves) to absorb the required amount of O, through 
diffusion. 


— Notes @ From the atmosphere gases enter the intercellular spaces inside the plants. As 
O; is utilized, more of it diffuses into the plant. Since CO, is being continuously 
formed, its concentration result in tissue spaces becomes higher than in the 


surrounding air. As a result, it diffuses out of the plant, specially when it is 


being used for photosynthesis. 


@ Can you explain why during the day, plants give out O, instead of taking it 
up for respiration? 


In plants, O, released during photosynthesis in day time is made available for 
respiration. However, rate of photosynthesis is greater than that of respiratin. Thus, 
plants give out excess O; in the daytime. However, they give out only CO, at night 


as photosynthesis stops in the absence of sunlight. Animals give out CO, at all ] 
times. i 


2. Name the process by which oxygen is taken up by the plants from the 


atmosphere. 


4. Why do plants not have any special respiratory organs like animals? Give two 
reasons. 


12.3 CELLULAR RESPRIATION 


| Oxygen that is absorbed is used to oxidize the nutrients, viz., glucose, amino acids 
| and fatty acids completely producing CO}, water and energy. It occurs within the 
cells and tissues. Observe the figure 12.2 and identify the steps of cellular (aerobic 


and anaerobic) respiration. Note that the first Stage in all these pathways is 
| glycolysis. 
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Sugar (6C) 


Glycolysis | 


/ tn 
paanan Sa oin 
Krebs’ ann “on, 
cycle Seh 
Lactate 
(lactic acid) 


Fig. 12.2 Pathways in cellular respiration 


12.3.1 Glycolysis (Also known as Embden Meyerhof Parnas Pathway) 
Whether or not oxygen is available in the cells, the breakdown of glucose is initially always 
anaerobic. It is common to both aerobic and anaerobic respirations. 

It involves oxidising glucose (6-carbon compound) to two molecules of pyruvic acid 

through a series of enzymatically controlled reactions occuring in the cytosol. Initial 

substrate is glucose (either from photosynthesis as in plants or from carbohydrate 
digestion as in animals). 

Glycolysis may be subdivided into 3 major phases: 

1. Phosphorylation of glucose to fructose 1,6 diphosphate. This is activation of glucose 
and 2ATPs are used. 

2. Splitting of this compound into two 3- carbon sugar phosphates, which are 
interconvertible. Note that this is the origin of the term glycolysis meaning 
splitting of glucose. 

3. Oxidation by dehydrogenation. Each 3-C sugar phosphate is oxidized by 

removal of hydrogen, making a reduced NAD that is NADH and production 

of 2ATPs. 


This group of reactions is believed to be one of the first energy capturing 
reactions which evolved about three billion years ago in ancient bacteria 
and today it occurs in virtually all cells of all forms of life. 


ATP —> ADP + Pi + 30.6 kJ 


SERA! 
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Glucose 


ATP 
ADP 


Glucose 6 phosphate Activation 


Glucose and fructose | ATP 
are isomers ADP 


Fructose 1,6 diphosphate 


3 Carbon sugar phosphate «———» 3 Carbon sugar phosphate } Splitting 
NAD+ 
NADH + H+ 
2ATP $ Oxidation 


Pyruvic acid 
(3 carbon compound) 


The balanced equation is: 

e Glucose + 4ADP + 4Pi + 2NAD —> 2Pyruvic acid + 4ATP + 2NADH 

© Two molecules of ATP were used up in the initial steps of glycolysis. Thus, the net 
gain of ATP during glycolysis is 4-2 = 2 ATP. Also, 2NADH + Ht are produced. 

© Thus, we see that only a small amount of energy is released at the end of glycolsis. 


12.3.2 Fermentation 


Further oxidation of Pyruvic acid requires O; (as you will study soon). It then enters 
mitochondria for aerobic respiration. 


Under anaerobic conditions (or insufficient supply of O2) microbes and plants carry 
out fermentation. 


Fermentation involves reduction of pyruvic acid to ethyl alcohol and CO, (as in 
yeast) or to lactic acid (as in muscle cells of animals) and oxidation of NADH 
to NAD*. Thus, NAD is regenerated which can be used in glycolytic pathway and 
production of 2 ATPs can continue under anaerobic conditions. (Refer to the figure 12.3). 
Note that there is no further release of ATP during fermentation. 


Although you are more familiar with the term fermentation in context with 
alcoholic fermentation it is now being used for the anaerobic pathway 
followed by pyruvic acid. 
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2ADP 2ATP 2ADP 2ATP 2ADP 2ATP —— 
Notes 

2NAD* 2NADH 2NAD* 2NADH  2NAD* 2NADH 

4ADP 4ATP  4ADP 4ATP 4ADP 4ATP 


| 
| ie CO 
AV, 


2NAD* INADH 2NAD*<@—— 2NADH 
Net Result Net Result Net Result 


| Glucose —» Pyruvate Glucose —» Lactate Glucose —> 2Ethanol + 2CO, 
| 2ADP —» 2ATP 2ADP —» 2AT? 2ADP —> 2ATP 


2NAD* —» 2NADH 


Fig. 12.3 Pathways of anaerobic respiration 
Significance of fermentation 
Fermentation has a number of industrial applications. It is made use of on a large scale 
in certain industries. Microorganisms like the different strains of bacteria and yeast are 
cultured in very large numbers and used for various purposes. 


1. In bakeries for preparing bread, cakes and biscuits ete. 

2. In breweries for preparing wine and other alcoholic drinks. 

3. In producing vinegar and in the tanning and curing of leather. 

4. Ethanol is used to make gasohol, a fuel that is used for cars in Brazil. 


5. In everyday life, fermentation is used while making idli, dosa, bhatura, dhokla etc. 
The kneaded flour or maida left for some hours in warm environment becomes 
somewhat spongy (leavening). This is because of fermentation by the bacteria that 
begin to grow init. As carbon dioxide escapes, it causes leavening. Fermentation 
products give a typical flavour and taste to these items. 


Do you know why muscles pain during prolonged exercise? This is due to 
accumulation of lactic acid. 


12.3.3 Fate of pyruvic acid in aerobic respiration 
e You have already learnt how glucose is converted into 2 molecules of pyruvic acid 


in the cytoplasm of a cell during glycolysis. 
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Plants and Animals e Inpresence of oxygen, pyruvic acid enters the mitochondria and is decarboxylated 
é (removal of CO) and dehydrog:enated (removal of H) to acetyl CoA. Acetyl 
CoA is thus the connecting link between glycolysis and the next series of 
reactions that, yield more energy’ in the form of ATP. Acetyl CoA can also be 
generated from fats and proteins. 


Notes 


Krebs’ citric acid cycle 

e Acetyl CoA is the molecule entering the Krebs’ cycle taking place in the matrix 
of the ‘mitochondria. 

@ Detai'is of this cycle were worked out by Sir Hans Krebs in the 1930s. It is 
also, known as tricarboxylic acid cycle or TCA cycle. 

© Steps of the Krebs’ cycle are as follows, (See Fig. 12.4) 


pruvate (3C) 
NAD* 


NADH 4) Hts m CO, 


acetyl (2C) 
(errried by cocnzyme A) 


Acetyl-CoA (2C) 


a 


oxuloacetate (4C) 


\ citrate (6C) 
INADI 4 21a | Krebs cycle 
2NAD" = 
i e ~h CO, 
PADH + H ea! 
NADY 
FAD" KO 
Wsetoctutara 
ATP vay s E ip NADH + H” 
CO, ‘ 


Fig. 12.4 Kreb’s cycle (simplified) 
Summary of this phase in respiration is 
2Pyruvic acid + 8NAD + 2FAD + 2ADP -—> 6CO, + 8NADH + 2FADH, + 2ATP 


H-carrier NAD and FAD are derived from vitamin B complex and are 
known as coenzymes 


e Acetyl group (2 carbon) enters the cycle by combining with oxaloacetate (4 
carbon), to form citrate (6 carbon). This initiatés citric acid cycle. 


e As acetyl group passes round the cycle, the 2 carbon atoms are lost in CO, in 
two decarboxylation reactions, and hydrogen is added to hydrogen carriers in 
four dehydrogenation reactions, resulting in a total of 3 NADH, and 1 FADH, 


molecules. 
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(Remember that two acetyl groups were made from one glucose molecule, so 
two turns of the cycle occurs per glucose molecule used). Oxaloacetate is 
regenerated at the end of the cycle ready to accept another acetyl group. 


e Thus, at the end of the Citric Acid Cycle, there are a total of 10ONADH and} Notes 
2FADH, (2NADH from glycolysis). 


© Note that all the hydrogen from the original glucose is now on hydrogen carriers, 
NAD and FAD. 


These hydrogen carriers enter the next phase known as the respiratory chain for 
further release of energy. 


Respiratory Chain or Electron Transport Chain (E.T.C.) 
© The hydrogen carriers now move to the inner membrane of the mitochondrion. 
This membrane has folds called cristae, which increase its surface area. 


@ Hydrogen carried to the cristae undergoes stepwise oxidation using molecular 
oxygen and energy is released in a series of small steps. Some of this energy 
is used to make ATP from ADP and inorganic Phosphate (P;). This is called 
oxidative phosphorylation. 


© During these reactions the hydrogen is split into. H+ and electrons 
(e~!), which are accepted by a series of hydrogen or electron carriers ending 
with oxygen. This series of carriers constitute the respiratory chain (Fig. 12.5). 


ATP ATP 
FADH + H* Fe% Cut 
NAD+ reduced oxidised reduced % Op 
oxidised 
Cytochrome 

Cytochrome oxidase 
NADH + H*. Fe% Cu H,0 

pouces FAD? i reduced oxidised 

oxidised 
ATP 


Fig 12.5 Respiratory Chain. 

a higher energy level are passed from one carrier to 
n energy terms, until they reach oxygen the final 
as a result is reduced to water. 


© Hydrogen or electrons at 
the next, moving downhill 1 
acceptor of electrons which 


© At each transfer some energy is released and in some of the transfers this is 


used for the formation of ATP. 
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@ The final step involves cytochrome oxidase enzyme, which hands over the 
electrons to the H* before being accepted by oxygen to form water. 

e@ For each NADH, that enters the respiratory chain, 3 ATP can be made but for 
each FADH;, only 2 ATP can be made. Can you guess why? Because FADH, 
enters the respiratory chain at a lower level in the chain of reactions. 
Substances like carbon monoxide and H,S act as poisons because they block 
the H-transfer system and stops ATP generation. 


Overall budget for aerobic respiration of one glucose molecule 
See table no: 12.2 


Glucolysis 


Pyruvate-> Acetyl coA - 

Krebs cycle 2 

Total 10 NADH+H* 2 FADH, 
10x3=30 ATP 2x2=4 ATP 


Total No. of ATP mols = 38 


* Remember that two turns of the cycle take place per glucose molecule as at 
the end of glycolysis two pyruvic acid molecules are formed each of which 
separately enters the Krebs’ cycle. 


1 glucose 


Cytoplasm Glycolysis 


2ATP 2NADH + Ht 


pyruvate 


2 acetylene enzyme A 


Matrix of 
mitochondrio! 


4CO, 


2NADH + H* 


Krebs cycle 


2FADH + H* | 10NADH + H* 


2ATP 

34 ATP 

2 FAD* 

10 NAD* 
6H,O used in 

12H. om decarboxylation 


6H,0 water 


60, 


Fig 12.6 Summary of Aerobic respiration. 
BIOLOGY 


Respiration in Plants 


12.3.4. Significance of Krebs’ cycle and Acetyl CoA 

1. Tt is the major pathway to release reduced coenzymes and energy in a controlled 
manner. 

2. It is the common pathway for oxidative breakdown of CHO, fatty acids and 
amino acids. Fatty acids undergo ß oxidation to produce acetyl 
CoA and amino acids from proteins enter Krebs’ cycle after deamination 
(removal of —NH), group) of amino acids. 

3. Krebs’ cycle provides many intermediate compounds needed for the synthesis 
of other biomolecules like amino acids, nucleotides, chlorophyll, fats, etc. 


= QUESTIONS 12.3 


1. Why is pyruvic acid converted into alcohol or lactic acid during fermentation? 


N 


3. List the three phases of aerobic respiration of glucose. Where in the cell do 
these reactions take place? 


12.4 RATE OF RESPIRATION AND FACTORS EFFECTING IT 
The rate of respiration can be measured by the amount of CO, released. The rate 
of respiration varies in different organs and with age. 


In general the factors which affect respiration include internal factors such as the 
activity of the respiratory enzymes the type of substrate; and external factors such 


as oxygen, water, temperature etc. 


(a) Type of substrate-Respiratory substrate may be carbohydrate, protein or fats. 
The kind of substrate being oxidized is obtained by measuring the respiratory 
quotient. What is respiratory quotient or R.Q? 


Volume of CO, evolved 
Volume of O, consumed 


R.Q= 
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For carbohydrates, CO,/O = 1 as in stem and roots. 
For protein, CO,/O, < 1 as in protein rich seeds like pulses. 
For fat and oils CO,/O, > 1 as in oil containing seeds e.g. mustard. 


As for fats RQ > 1 more energy is released per mol of fat than per mol 
of glucose. 


(b) Temperature - The temperature between 30-35°C is most suitable for respiration. 
= Can you guess why? The enzymes can work best in this range. Respiration is 
reduced beyond 50°C and also at very low temperatures (0-10°C). 


(c) Oxygen-the rate of respiration increases with rise in oxygen concentration. As 
O, concentration increases from zero, the rate of respiration increases. However, 
beyond a limit the rate of increase falls. 


(d) Carbon dioxide-rate of respiration decreases if CO, is allowed to accumulate. 


(e) Water-respiration is very slow if the water content of the protoplasm is low 
as in dry, matured seeds. Dormant seeds show very low rate of respiration. 


1. What is the R.Q. for carbohydrates and fats? 


INTEXT QUESTIONS 12.4 


e Your have aready studied that during dark reaction of photosynthesis, the 
enzyme RUBISCO catalyses the carboxylation of RUBP : 


RUBP + CO, _RUBISCO_, 2PGA (Phosphoglyceraldehyde) —> Calvin cycle 


e This enzyme also has very high affinity for O2. It can therefore, catalyze the 
reaction of O, with RUBP (oxygenation). 
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e The respiration that is initiated in chloroplast and occurs in presence of light f Plants and Animals 


and high concentration of O, (and low CO;) is called photorespiration : 


RUBP + O, _RUBISCO_, 2PGA + 1 Phosphoglycolate 
l E- 
Calvin cycle Notes 

Thereafter, phosphoglycolate undergoes series of reaction in mitochondria and 
peroxisomes. 2 molecules of phosphoglycolate ultimately produce 1 molecule of 
PGA and 1 molecule of CO,. Note that there is no ATP production here, unlike 
respiration. 
e _ This occurs because RUBISCO anzyme has the same active site for both CO, 

and O}. 
e Oxygenation of RUBP in presence of oxygen leads to a loss of about 25% 

carbon fixed by plants during dark reaction. 
© Use: Protects the plants from photo oxidative damage by utilising part of the 

solar energy which would otherwise damage the plant pigments. 


1. Name the products that are produced when RUBP combines with O,. Name 
the enzyme that is responsible for this reaction. 


Pg Activity I 
ki 


To demonstrate anaerobic respiration in germinating seeds 

Take eight or ten soaked pea seeds with the seed coats removed and push them 

into the mouth of a test tube filled with mercury and invert it in a beaker of mercury. 

The pea seeds float on the top and are completely surrounded by mercury. After 

about two days there is a fall in the level of the mercury because of gas liberation. 

If potassium hydroxide (KOH) is introduced into the test tube then it is found that 
and on coming in contact with the gas, makes 


KOH floats up through the mercury i 
the level of pic to rise up again. How can you say why does this happen? KOH 
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absorbs the carbon dioxide gas liberated by the seeds. How this experiment demonstrates 
anaerobic respiration (See Fig. 12.7) 


Fig. 12.7 Anaerobic respiration in germinating seeds 


Activity II 


Anaerobic respiration in yeast 


Procedure : Take a pinch of dry baker’s yeast (in water) or few mL of yeast suspension 
used in a bakery. Add this in 10 mL of 10% glucose solution in test tube A. Cover the 
surface of the liquid in the tube with oil to prevent contact with air. Close the test-tube 
tightly with a cork. Take a double bent glass delivery tube with one end small and other 
end long (See Fig. 12.8). 


Wia— Oil layer 


Yeast in glucose 
solution 


Fig. 12.8 Anaerobic respiration in yeast. 


Insert the short end through the rubber-cork stopper so that it reaches the air inside the 


tube A. Insert the other end of the tube into the limewater containing test tube B, as shown 
in the figure. 
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Place test tube A in warm water 37-38°C in a beaker. Observe that lime water gradually f Plants and Animals 


turns milky indicating evolution of CO, from yeast preparation. Also note that the level 
of the limewater in the delivery tube does not rise, showing that there is no fall in volume 
of gas in test tube A and therefore no utilization of O, by yeast. Keep the experimental 
set up for one day. Open the stopper of tube A and smell. Do you notice the smell of 
alcohol? Can you name the alcohol and write the equation for the alcoholic 
fermentation 


CH,,0, —> 2C,H;OH + 2CO, + 2ATP 


Activity TI 

You can use similar set-up as in activity II to demonstrate aerobic respiration in yeast. 

Make the following changes : 

1. Replace the test tube A with a large conical flask so that it has sufficient space left 

above the glucose solution with yeast. 

The surface of the solution should not be covered with oil to permit easy contact 

with air. 

3. Observe that lime water turns milky in this experiment too, indicating evolution 
of CO . Also note that the level of HO in the delivery tube B also rises 
indicating a fall in gas volume in tube A. how do you explain this? Oxygen 
is utilized by the yeast, you will not smell alcohol after the reaction in test 
tube A 

Note that yeast grows both in aerobic and anaerobic conditions but better under 

aerobic conditions. The secret of brewing is to regulate the conditions very strictly 


N 


® All living organisms require energy. Oxidation of food molecules provide this 


energy. 
® Respiration involves (i) external respiration or gaseous exchange, and 


(ii) cellular respiration. Ea 

® Anaerobic respiration is the process of incomplete oxidation and produces only 
2 molecules of ATP whereas aerobic respiration is a process of complete 
oxidatin with production of 38 molecules of ATP. 


Aerobic respiration occurs in three main steps Viz. Glycolsis; Krebs’ cycle; 


electron trasport chains. 


Steps of glycolysis are common betw ; 
t e” and Krebs’ cycle and ETC in mitochondria. 


een aerobic and anaerobic respiration. 


Glycolysis occurs in cytoplasm 


‘ i stri ications. 
Alcoholic fermentation has many industrial applicatio. 


Young parts of the plants show higher rate of respiration. 
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e Factors like type of substrate, temperature, oxygen and amount of available water 
influences the rate of respiration. 


@ RQ value is important in identifing the kind of substrate used in respiration. 


e Photorespiration occurs in plants during intense light and low level of carbon 
dioxide. There is no net gain of ATP. It protects the chlorophyll pigments from photo- 
oxidation. 


Define respiration 


TERMINAL EXERCISES 


1. 

2. What is the role of O; in electron transport chain (ETC)? 

3. How many molecules of ATP are released when glucose is oxidised-to 
(a) CO, and H,0? 
(b) Ethyl alcohol and CO,? 

4. Write the equation for aerobic respiration. 

5. Name the end product of electron transport chains. 


6. Respiration is a continuous process in plants. Then why is it that they give out O3 
and not CO, during the day? 


7. What is the site for 
(a) Glycolysis, 
(b) Krebs cycle, 
(c) ATP generation by oxidative phosphorylation? 


8. What is the fate of pyruvic acid in (a) presence, and (b) absence of oxygen? Write 
the equations representing the processes. 


9. What is the significance of stepwise oxidation of organic molecules instead of one 
step reaction? 


10. What is the significance of photorespiration? 

11. List the substrates that enter and the products produced in 
(a) Glycolysis 
(b) Krebs cycle 

12. How is yeast useful in industry? Give any three examples. 

13. How does exchange of respiratory gases take place in plants 

14. Define RQ. What is its significance? 

15. Mention the significance of TCA cycle. 


16. Why does fermentation yield less energy than aerobic respiration? 
BIOLOGY 


Respiration in Plants OR J MODULE - 2 
: f ; s Forms and Function of 
17. List any 2 important contributions of PPP in a cell. Plants and Animals 


18. What are the three major phases of glycolysis? 

19. What is the importance of Krebs’ cycle? 

20. Differentiate between aerobic and anaerobic respiration Notes 
21. Why is photorespiration a wasteful reaction? 


22. What is respiratory chain or ETC? What is its significance? 


ANSWERS TO INTEXT QUESTIONS 


12.1 1. Plants covert solar energy to chemical energy and store it in the form of 
complex organic molecules. During respiration, they are oxidised and 
large amount of energy is released. This is stored as ATP. Plants use this 
ATP for metabolic activities. 


2. In the form of ATP 
3. Please see text. 


12.2 1. Gaseous exchange takes place through the general body surface of the 
plants; through the stomata; the lenticels. 


2. Diffusion 
3. Oxygen; carbon dioxide 


4. (a) They have a large surface area to exchange gases from & (b) their 
requirement of oxygen is much less. 


12.30 ai presence of Oy, it is completely broken down to simple forms such 
as CO, and H,0. 
2Pyruvic acid + 60, —> 6CO, + 6H20 + 30ATP 


(8ATP are obtained from glycolysis) 
In absence of O, they carry out alcoholic fermentation. 
2Pyruvic acid —> 2Bthyl alcohol + 2CO, 


2. This is becausse organic molecules are only partially oxidised in anaerobic 
respiration and much of the energy remains in the end products such as 
alcohol or lactic acid. 


3. Glycolysis-in cytosol 
Krebs’ cycle-matrix of mitochondria 


E.T.C.-inner membrane of mitochondria 
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Plants and Animals 4. O; acts as the terminal acceptor of H, removed from the glucose molecule 


and gets reduced to HO. 


6. Substrate- Acetyl CoA 


Product-2 CO,, 3 NADH, 1 FADH), 1 ATP 

7. Fatty Acid undergo f oxidation and produce acetyl CoA. This can enter the 
Kreb’s cycle 

12.4 1. RQ. is 1 

2. Rate of respiration increases up to a point and beyond this point its rate of 
increase falls. 

3. 120-3532C 
It is the ratio of the volume of CO, evolved to the volume of O, consumed 
in respiration. It gives us an idea of the kind of substrate used for 


respiration. 
12.5 1. Products arel P.G.A. and 1 Phosphoglycolate 
Di Respiration Photorespiration 
1. Occurs in mitochondria 1. It involves 3 organelles 
chloroplast, mitochondria 
peroxisome 
2. Substrate is glucose 2. Substrate is RUBP 
3. ATP, CO, and H,O are 3. The products are only CO and 
given out as products P.G.A. and no ATP is generated 
4. Takes place in both plants 4. Takes place in green plant (C3) 
5. Occurs at both day and 5. Takes place under high O and 
night low CO and high temperature. 
Therefore occurs only during 
the day. 
6. Makes energy available 6. It is wasteful reaction. Its only 
for metabolic activities. use is that it prevents 
photooxidative damage to 
the plants. 
(any one) 
3. (a) Light 


(b) High concentration of O, 
(c) Low concentration of CO, 
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Notes 


NUTRITION AND DIGESTION 


Plants manufacture their own food by photosynthesis, but all animals including 
humans have to take in ready made food. Most part of such food consists of complex 
organic molecules (carbohydrates, proteins and fats) which have to be broken down 
into simpler forms before they can be absorbed into the body. Such breaking down 
of the food and subsequent absorption of food constituents occur inside the 
digestive tract (alimentary canal). The digestive tract together with the associated 
glands constitute the digestive system. 


After studying this lesson, you will be able to : 

© define the term nutrition and give its types; 

è draw a labelled diagram of the alimentary canal. of cockroach and humans; 

© describe the steps involved in the nutrition of humans viz., ingestion, digestion, 
absorption, assimilation and égestion; 

© differentiate between intracellular and intercellular digestion; 

è tabulate the organs of digestion, the enzymes they secrete, the substances acted 

upon by enzymes and the end products formed. 


© explain the process of food absorption in various regions of digestive tract; 


è explain briefly the role of hormones in digestion. 


13.1 NUTRITION AND DIGESTION ; 
Our food contains a number of food constituents to meet the requirements of our 
body. These food constituents must be digested to be utilized by our body. The 
process by which organisms obtain and utilize food for their growth, development 
and maintenance is called nutrition and the chemicals present in the food are called 


nutrients. On the other handy on isthe breaking down of complex 


constituents of food by enzymes into simpler soluble forms that can be absorbed | 


and utilised by the cells of the body. i 
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Plants and Animals In this lesson you will study the various types (modes) of nutrition, the types of 

digestion, the process of digestion of food, its absorption and assimilation in 

humans. The nutritional role of food constituents will be discussed in lesson 27. 


Types of nutrition 
aa Notes | Phere are mainly two types of nutrition autotrophic nutrition and heterotrophic 


nutrition. 
ay Nutrition 
i | 
I 

Autotrophic nutrition Heterotrophic nutrition 
(Auto : self, trophos : food) (Hetero : different, trophos : food) 
Green plants and {certain bacteria Food (organic substances) 
manufacture their own obtained by feeding on other organisms. 


food (organic substances) from 
inorganic substances (CO, and 
H,0) using sunlight energy. 


Holozoic Saprotrophic Parasitic 


Organisms take food Ogranisms secrete digestive Food derive from 
into the body, digest it enzymes on to dead organic other living 

and absorb the soluble material and absorb the organisms, by. living 
products of digestion, products of digestion, eg., on or inside. their 
eg., humans. certain bacteria and fungi. body eg., certain 


bacteria,roundworm, 
tapeworm, cuscuta, etc. 
There are Five Major Steps in Animal Nutrition (Holozoic nutrition) 
The food we take contains highly complex substances like protein, carbohydrates 
and fats. These substances cannot be utilized as such by our body. These have to 
be broken down into simipler and smaller molecules before they can enter into the 
cells. Proteins must be broken down into amino acids, carbohydrates into glucose, 
fats into fatty acids and.glycerol, Amino acids, glucose, fatty acids and glycerol 
are simpler substances, and can be utilised by our body, This breakdown of complex 
food constituents and their absorption is accomplished by the digestive system. The 
processes involved in nutrition are : 
5 (i) Ingestion : Taking in of the food, its chewing or sucking and swallowing. 
È 
1 Gi) Digestion : Conversion of complex food into, simpler absorbable form. 
(iii) Absorption : Absorbing digested food from the ‘gut to reach the body 
tissues. 
(ivy), Assimilation : Utilization of digested food nutrients by the body tissues. 
(vy). Egestion ; Removal of undigested and unabsorbed food from the body. 


Í generally two types of digestion are seen in heterotrophs : 
y J g p. 


f (a) Intracellular (b) Extracellular 
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13.2.1 Intracellular Digestion (Intra = inside) Plants and Animals 
All the? five ‘steps of nutrition occur inside the ‘cell itself, as in Amoeba, 
Paramecium and other unicellular organisms. 


Nutrition and Digestion 


Active prey 


Notes 


Pseudopodium 
Food vacuole 


Fig. 13.1 Intracellular digestion in Amoeba 

© Food particles such as minute bacteria are enclosed (caught) by pseudopodia 
(pseudo = false, podia = feet) to form a food vacuole (Ingestion). 

e Enzymes from cytoplasm are secreted into the food vacuole to brealk down 
complex food. (Digestion) : 
Digested food is absorbed into the cytoplasm. (Absorption) 

The absorbed food is used up Wherever required in the cell. (Assimilation) 
The undigested unabsorbed food is expelled out, when the food vacuole comes 
up on the cell surface and bursts open. (Egestion) t ; 

Food vacuoles are temporary structures and every time the Amoeba feeds, a new 

food vacuole is produced. All free-living unicellular microorganisms carry out 

intracellular digestion. 


13.2.2 Extracellular digestion (extra = outside) 

Digestion occurs outside the cell. All animals (excluding sponges) carry) out 
extracellular digestion. They have either a cavity, a tube, or a food canal which 
receives the ingested food. Digestive enzymes are poured over the food, and the 
products of digestion are absorbed back into the cells. The undigested, unabsorbed 
food is thrown out of the digestive cavity. For example, Fig.13.2 shows digestive 
organs of cockroach where extracellular digestion occurs. 


Salivary glands 


Oesophagus 
Crop 


Proventriculus: 


Colon 
Fig. 13.2 Digestive organs of a cockroach extracellular digestion occurs 
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Plants and Animals 13.2.3 Joint Intracellular and Extracellular digestion 

In Hydra and other Cnidarians, the food (tiny prey) is caught by the tentacles and 
ingested through the mouth into the single large digestive cavity, the gastro-vascular 
cavity (Fig. 13.3). Enzymes are secreted from the cells bordering this cavity and 
poured on the food for extracellular digestion. Small particles of the partially 
digested food are engulfed into the vacuoles of the digestive cells for intracellular 
digestion. Any undigested and unabsorbed food is finally thrown out of the mouth. 


es 


. Identification ; 7 
$ Ser b. Catching of prey c. Ingestion d. Digestion 


Fig. 13.3 Hydra catching its prey 


(iv) te 
2. What is intracellular digestion? Give example of an organism showing 
intracellular digestion. 


13.5 THE HUMAN DIGESTIVE SYSTEM 

The digestive system in human consists of an alimentary canal and associated 

digestive glands. The human alimentary canal (aliment: nourish) is a continuous 

muscular digestive tube that runs through the body. It digests the food, breaks it 

down into smaller substances, and absorbs the digested food. The alimentary canal 

has the following parts (Fig. 13.4). 

1. Mouth and associated organs (teeth, tongue) 

2. Pharynx (or throat) : A cavity at the back of the mouth. It is acommon passage 
for the inhaled air and the swallowed food. 

3. Oesophagus : A narrow tube arising from pharynx, continuing through the 

thorax and ending in the stomach. 
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4. Stomach : An elastic bag with highly muscular walls, located below the 
diaphragm. 


5. Small intestine : A tube about 7 meters long and about 2.5 cm wide. Much 
coiled and folded, it is contained in the abdomen, Its three subdivisions are: 
(i) ._Duodenum-Short upper part, next to stomach 
(ii) Jejunum-Slightly longer part, about 2 meters long. 
(iii) Teum-Longest, about 4 meters long, coiled and twisted. 


Notes 


Oral cavity 


} Parotid gland 
Mouth 


> Pharynx 
Submaxillary and 
sublingual glands 


Oesophagus 
Liver, 


Gall bladder Stomach 


Pancreas 
Duodenum 


Transverse colon 


Jejunum 
Ascending colon 


Descending colon 
leum 


Caecum 


Rectum 
Vermiform appendix 


Fig. 13.4 Human Alimentary canal and the associated glands. \ 
6. Large Intestine : About 15 meters long and has three parts. 


(i) Caecum-—Small blind pouch at the junction of small and large intestine. 


A narrow worm-shaped tube (vermiform appendix) projects from the 
caecum. 

Gi) Colon : A little over 1 meter long, it has three parts termed ascending, 
transverse and descending limbs. 

(iii) Rectum : Last part, about 15 cm. long. It has two parts, the rectum proper 


and anal canal. Anus is the external opening surrounded by circular 
muscles (sphincters). 
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The. vermiform appendix is a vestigial (functionless) organ in humans, but is large 
and. functional in herbivorous mammals. 


(a) Digestive Glands (Sources of digestive enzymes) 

There are two sources of digestive enzymes : 

1. The glandular cells of the gut epithelium of stomach and intestine, which 
directly pour their secretion into the lumen of the gut. 

2. Special glands such as the salivary glands, the liver and the pancreas which 
pour their secretions into the gut through their ducts. 


Our mouth is always moist, even on a hot summer day. How does this happen? 
This happens because there is a watery fluid called saliva which is secreted by 
salivary glands into the mouth cavity. It is this saliva, that keeps the mouth moist 
all the time. 


(b) Salivary Glands 

There are three pairs of Salivary glands in our mouth cavity (Fig. 13.4). 

1. Parotid glands located in front of and below each ear, produces watery saliva 
rich in amylase. 

2. Submaxillary glands close to inner side of lower jaw, produce water and 
mucus. 

3. Sublingual glands below the tongue, produce water and mucus. 


These glands continuously pour saliva into the mouth cavity. Do you know that 
the amount of saliva secreted is about 1000 to 1200 ml per day. 


(c) Functions of Saliva 

1. It cleans the mouth cavity and tends to destroy germs that cause teeth decay. 
It contains lysozymes which help in destroying the bacteria. 

2. It moistens and lubricates food which again helps in swallowing. 

3. It acts as solvent, dissolving some food particles to stimulate taste buds of the 
tongue. 


4. Saliva helps in the digestion of food as it contains an enzyme salivary amylase 
which digests the starch. 


(d) Liver 

Liver is the largest gland, located in the upper right side of the abdomen below 
the diaphragm. It secretes bile, which gets collected in gall bladder and is finally 
poured into the duodenum through the common bile duct (Fig. 13.4). Besides 
secreting bile, which helps in digestion, the liver has numerous other functions. 


(e) Pancreas 

Pancreas is a reddish brown gland located in the bend of the duodenum. Its digestive 
secretion (pancreatic juice) is poured into the duodenum by the pancreatic duct. 
(Pancreas also produces certain hormones, which will be taken up in details in 


| lesson no 16) 
. BIOLOGY 


Nutrition and Digestion 


EXT QUESTIONS 13.2 


. Match the characteristics in column A with the parts of digestive system given 


in column B 
Column A 
Characteristics 


(1) Common passage for air 


breathed and the food swallowed. 


(2) Elastic bag 
(3) Has three limbs-ascending, 


transverse and descending 


Column B 
Part ` 


(a) Small intestine 


(b) Pancreas 


(c) Duodenum ( 
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(4) Largest part of the food canal (d) Pharynx 

(5) Receives bile and pancreatic juice (e) Appendix 
(6) Narrow worm-shaped projection (f) Stomach 

(7) Largest gland in body (g) Colon 

(8) Gland located in the bend of 


(h) Liver yh 
duodenum ! ij 


2. Name the three salivary glands and mention their location: 


13.6 THE DIGESTIVE PROCESS 
Digestion involves two kinds of processes : 


O 


(a) Mechanical process that includes cutting, grinding and swallowing the food 
thus broken into small particles and then pushing the food along the food canal. 
Smaller particles expose greater surface area for action by enzymes. 


(b) Chemical process which includes the enzymatic breakdown of complex food 
into simpler absorbable form. My 


Digestion involves hydrolysis, i.e. spliting by addition of water (H* and OH- 
ions) to a molecule resulting in its break down into two on,more simpler 
molecules. The enzymes only act as catalysts to accelerate the reaction. 
S 
For example C2H0, + HQ —— => CH0 + CHi206 
(sucrose) (glucose) (fructose) 


(a) Mechanical Process in Digestion Tivil O3 
© The lips hold the food within mouth and help in sucking and sjpping of liquids. 


© The teeth cut, tear and grind the food. aby 
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e The tongue manipulates food while chewing, mixes saliva in it, rolls it into a 
ball termed bolus and helps in swallowing. 

e The oesophagus conducts the food (bolus) down into the stomach by a wave 
of constriction of the circular muscles (Fig. 13.5). This wave of constriction 
is called peristalsis. 


From mouth 


Feeding 
Contracting muscles 
Push bolus 
downwards Muscular wall of 
gullet or 


Bolus oesophagus 


Epiglottis 
Food 


Oesophagus 


To stomach 


Fig. 13.5 A-During swallowing, the epiglottis closes the opening of the trachea, momentary 
stoppage of breathing, and the food is pushed down the oesophagus, B-Peristalsis is a 
wave of contraction of muscles of alimentary canal which pushes food down 
through the alimentary canal. 

@ The stomach churns the food mixing it with gastric juice and thus produces 

a creamy chyme (partially digested food). 


e The peristaltic movements keep pushing the food from stomach to the intestine 
and finally upto the rectum. 


(b) Chemical F'rocesses in Digestion 


1. In Mouth 


Saliva contains only a single enzyme Amylase (old name Ptyalin) which acts on 
starch in two ways : + 


dentate Dextrins 


(i) Raw uncooked starch 
no (soluble, partially hydrolysed starch) 


Amylase 


(ii) Cooked starch ———~——-5 Maltose 


(a sweet-tasting disaccharide) 


2. In Oesophagus 


Food as bolus moves into the stomach through peristalsis. Salivary amylase 
continues digesting starch. 


3. In Stomach 

Initial digestion of starch by salivary amylase continues till the contents of stomach 
becomes acidic. The gastric juice produced from the epithelial lining of the stomach 
is a colourless highly acidic liquid (pH 1-2). It contains Water (98%), some salts, 
hydrochloric acid (0.5%), the lubricant mucin and two enzymes pepsin and lipase. 
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| Hydrochloric acid is secreted by Oxyntic (parietal) cells in the stomach wall. It } Plants and Animals 
performs following function : 

| (i) kills bacteria entering along with food, 

(ii) loosens fibrous material in food, 

(iii) activates the inactive pepsinogen to its active form pepsin, 

(iv) maintains acidic medium for action by pepsin, Notes 

(v) curdles milk so that it does not flow out and stays for action by pepsin. 

Pepsin is secreted in its inactive form or the proenzyme called pepsinogen secreted 

from the chief cells of the stomach wall. In the presence of HCI it turns into the 

active pepsin which acts on proteins and breaks them down into proteoses and 

peptones. 


Protein —Pepsin_. Proteoses and peptones 

4. Small Intestine 
In the small intestine the food which is partially digested in the stomach and called 
chyme is acted upon by three main digestive juices. 

(i) Bile juice from the liver 

Gi) Pancreatic juice from the pancreas 

(iii) Intestinal juice secreted from special cells in the intestinal epithelium at 

the base of intestinal villi. (Fig. 13.6) 

The bile juice and pancreatic juice are poured into the duodenum by their respective 
ducts which join together to form a common hepato pancreatic duct. The intestinal 
juice directly mixes with the food. 


(i) Bile Juice 

Bile is a yellowish, green, alkaline liquid (pH about 8). It consists of 
(i) water (98%), (ii) sodium carbonate in large quantity which neutralizes the acid 
of the chyme (semi digested food) received from stomach; makes it alkaline, and 
(iii) bile salts (sodium glycocholate and sodium taurocholate) which emulsify fats. 


Simple squamous epithelium 
Longitudinal muscle fibres = 


1 — Serosa 


—  Musculari 
Circular muscle fibres 2 aris 
Blood vessel 
Muscularis (long Layer) 
Mucosae (circ. Layer) i 


3 —Submucosa 


Goblet cells 
Lacteal 
Simple columnar epithelium 


Lymphocytes 
Fig. 13.6 Portion of intestinal wall showing villi and the associated structures. 
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penauwls Emulsification is the breaking up of large lipid (fat) droplets into small wv 
droplets, which provides greater surface for enzyme action. <q 


The yellowish green colour of the bile is due to the pigments biliverdin and 

bilirubin produced by the breakdown of the dead and worn out RBCs (Red Bogi ý 
corpuscles). These pigments are excreted in faeces. (solid or semi-solid waste an 4 
undigested food). 


Bile has no digestive enzymes. It simply emulsifies fats. 


(ii) Pancreatic Juice 


The pancreatic juice contains six major categories of enzymes, which act in an 
alkaline medium. l 


= 


(a) Amylase — completes conversion of starch into maltose. 


(b) Lipase — also called steapsin. Acts on emulsified fats to produce fatty — 
acids and glycerol. S 


(c) Nucleases — digest nucleic acids, i.e. DNA and RNA content of the food. 


(d) Trypsinogen — the inactive precursor (proenzyme) of trypsin. It is ` 
activated into trypsin by the enzyme enterokinase secreted by the lining ~ 
of duodenum. Trypsin acts on remaining proteins (not digested by pepsin) 
and the proteoses and peptones to produce peptides and amino acids. | 


(e); Chymotrypsin — acts on milk protein casein to produce paracasein 


(curd), and also converts other proteins into peptides. ia 


(®© Carboxypeptidases — act on peptides to produce small peptides, and 
amino acids, : 


(iii) Intestinal Juice or Succus Entericus 
It contains the following categories of enzymes : 


(i) Glycosidases (including maltase, sucrase and lactase). These hydrolyse, 
the disaccharide maltose (malt sugar), sucrose (cane sugar) and lactose ` 


(milk sugar) into the simpler absorbable monosaccharides (glucose, — 
fructose and galactose). 


Mali 
1. Maltose — ase 5 gluscose + glucose 


. . Ss . 
Disaccharides ¢ 2, Sucrose —>LAse gluscose + Fructose ) Monosaccharides 


(Ci2H22011) (CoH pO 
3. Lactose Es y gluscose + galactose Pao 


(ii) Lipase completes the digestion of any lipid (fat) not digested by 
pancreatic juice. 


(ii) Peptidases (aminopeptidase and dipeptidase) act on peptides and dipeptides _ 
to produce smaller Peptides and amino acids. 
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(iii) Nucleases breakdown nucleotides into phosphate, sugar and different 
nitrogenous. bases. 


Summary of digestion in various parts of human alimentary canal is shown in table 


13.1 
Table 13.1 : Various digestive enzymes secreted and their role in the Notes —— 
digestion of food in humans 
Site of Digestive juice Enzyme Mode of action 
Secretion 
Mouth Saliva | salvar amylase | Converts starch into maltose 
(ptyalin) 
Stomach Gastric juice Pepsin Converts proteins into peptones and 
proteoses 
Duodenum, Bile juice No Enzyme Emulsification of fats 
Pancreatic juice | Trypsin Converts peptones and small peptides 
into amino acids. 
Small intestine | Intestinal juice | Erepsin Converts peptones and small peptides 
into. amino. acids. 
Sucrase Converts sucrose into glucose and frutose. 
Maltase Converts maltose into glucose 
Lactase Converts lactose, into. glucose and 
galactose. 
Lipase Converts fats into fatty acids and 
glycerols. 


2. Name the source’ gland for following enzymes. 


(i) amylase .... 


Gi) pepsin ....--eereeeeneess ornate See 


(iii) lipase .. 
3. List at least four ‘enzymes that contribute towards digesting proteins. 


(i) ‘Ty peer E ARA Gii (iii) tet... 


13.7 ABSORPTION OF NUTRIENTS 
Somé absorption occurs in the mouth itself, some in the stomach but most absorption 
occurs in the intestine. The summary of absorption of nutrients is given below. 
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Minute quantities of water, water-soluble vitamins and simple sugars like glucose 
(as in honey) are absorbed in the mouth. 


2. In Stomach 

Notes | Water, glucose, ethanol (alcohol), certain minerals, vitamins and certain drugs may 
be absorbed into the cells lining the stomach. This absorption occurs by osmosis, 
diffusion (down the concentration gradient) and active transport (against concentration 
gradient). 


3. Small Intestine 
Most absorption of digested food occurs in small intestine. For this, the small 
intestine is adapted in many ways :' 


(i) It is very long and therefore provides more surface area for absorption. 


(ii) Many folds in its wall called villi (sing villus) further increase the surface area _ i 
of absorption. (Fig. 13.6). 


Gii) Single cell eptithelial lining reducing the distance between the food and 
underlying blood vessels. : 


(iv) The epithelial cells have microvilli which are projections of plasma membrane 
to further increase the absorptive surface. 


(v) Itis narrow for slow movement of nutrients allowing absorption. 


Epithelium with 
microvilli and muscle 
glands 


Lacteal vessel 


Capillary network 


Intestinal glands 

in duodenum region 
only 

Venule 

Arteriole 

Lymphatic vessel 


= =>— Circular muscle 


:— Longitudinal muscle 
Fig. 13.7 Magnified details of Microscopic structure of a part of 
the wall of small intestine. 
@ Products absorbed into the blood capillaries of the villi are amino acids and 
monosaccharides (glucose, fructose, galactose). 
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and glycerol. 


@ Nutrients absorbed into the bloodis carried by veins into the liver, and the Nutrients 
absorbed by the lacteals (small lymph vessels) enters the lymphatic system. 


4. Large Inestine 
Most of the water present in the food is absorbed in the colon by diffusion. Some 
mineral ions are absorbed by the colon through active transport. 


13.8 ASSIMILATION 


The final conversion of the absorbed nutrients into the living substance, i.e. their 

utilization by the cells is called assimilation. 

After absorption from the food canal the digested food is assimilated by the body 

in the following ways. 

(i) Fatty acids and glycerol are again converted into fats, that may be used or stored 
(in adipose tissue). 

(ii) Simple sugars (monosaccharides) which are in excess are converted into 
complex polysaccharides (glycogen) in liver. 

(iii) Amino acids are utilized in the synthesis of proteins for building up the body 
tissues and enzymes. 

(iv) Excess amino acids are deaminated (removal of nitrogenous part) to produce 
simple sugar. (Amino acids cannot be stored). 


13.9 EGESTION (DEFAECATION) 
The undigested part (plant fibers etc.) and the unabsorbed digested substances pass 
into the rectum. Such food remnants are temporarily stored in rectum. More water 
is absorbed and the remnants become semisolid to form faeces. 

A special reflex called defaecation reflex causes emptying of the rectum and the 
faeces are passed out via the anal canal by the relaxation of sphincter muscle (A 
ring shaped muscle around tubular organ which contract, can narrow or close the 


passage of the organ). 


Qh 


1. In which part of the alimentary canal does maximum absorption of water occur? 


2. List any three ways in which the intestine increases the surface area for 
absorption? 


(i) 
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G) blood capillaries of intestinal villi? ..........yr-rsr11rsrersrrirssertsniesrrtrsesrtrrnnzenat i 


Gi) Lacteals? laniers lalona nunn aA BRAE r l 


13.10 NEURAL AND HORMONAL CONTROL OF DIGESTIVE SYSTEM} 
Do digestive juices flow into the alimentary canal all the time? If it were so, it would 
mean terrible wastage of enzymes when there is no food in the alimentary canal 
So, everything must be so timed that there is neither wastage not shortage: How v 
is it possible? Let us see how it happens. 


Notes 


Think of the following situations: 


1. When we see or smell good food or even think or talk about it, our mouth begins 
to “water” (salivation). This happens through stimulation by nerves coming 
from the brain. The secretion of thicker saliva is stimulated by chewing action 
(even if you chew wax instead of food, you will salivate). i) 


2. On reaching the stomach, the presence of food stimulates the stomach lining 
to secretë gastric juice. Secondly, the mechanical stimulation of stomach wall 
produces a hormone, gastrin which again stimulates the secretion of gastric 
juice. 

3. As the food enters duodenum, the duodenal epithelium secretes four hormones- 
Secretin, Pancreozymin, Cholecystokinin, Enterogastrone. 


(i) Secretin stimulates the flow of pancreatic juice; which is rich in 


bicarbonates (to neutralize acid), gorea 
à | 
= 


(ii), Pancreozymin helps in the flow of pancreatic enzymes. 
(iii) Cholecystokinin stimulates flow of bile from gall bladder. 


(iv) Enterogastrone stops secretion of gastric juice, because stomach becomes 
empty as food now posses from stomach to duodenum. 


Several nerves (from sympathetic and parasympathetic nervous system, supply 
gut to accelerate or slow down the movements of the gut or peristalsis. 


1. Mention the source of secretion and the effect of the following: 


INTEXT QUESTIONS 13.5 


G) Gastine avarar cout aes eee A oses av. a 


13.11 ROLE OF LIVER IN METABOLISM 
Liver is the largest gland associated with the alimentary canal. It is reddish brown 
in colour and is located on the upper side of the abdomen just below the diaphragm. 
Its numerous functions can be grouped under five major categories : 


i 
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(i) Produces red blood cells in the embryo. (In adults, RBCs are produced in bone 
marrow). 

(ii) Produces prothrombin and fibrinogen required for blood clotting. 

(iii) Produces heparin which prevents unnecessary coagulation of blood. Notes = 

(iv) Destruction of dead and worn out red blood cells. 

(v) Removal of toxic and metallic poisons from the blood (protective function). 

Storage functions : 

(i) Storage of iron and some other metallic ions. 

(ii) Storage of vitamins A, D and Bj». 

(iii) Converts extra blood glucose into glycogen and stores it. 

Metabolic functions 


G) Regulation of blood sugar level by retaining excess glucose received as 
products of carbohydrate digestion from the intestines, and storing it as 
insoluble glycogen to release it again as soluble glucose when the blood sugar 
level falls. 

(ii) Breaking down of excess amino acids Amino acids are the end products of 
protein digestion. Liver breaks down excess amino acids into urea and sugar. 
Urea is excreted out in urine and sugar is stored for use. 

Gii) Synthesizes fatty acids from carbohydrates, which can be used or stored 
as fat. : 


1. Name any three substances relating to the blood, produced by liver, 


O J: E eters Ct) A eieae shear 
2. List any three substances which the liver stores. 
(i) aende oa AAAS (Ce E O (Gil) ESRT 


3. What happens to excess amino acids absorbed from gut ? 


WHAT YOU HAVE LEARNT 


© Digestion is the breakdown of complex food, and nutrition include taking in 
and utilization of food. ae 
© All animals are heterotrophic or phagotrophic or holozoic (ingesting bulk food) 
while the green plants are autotrophic (or holophytic) ; 
e Animal nutrition involves five steps-ingestion, digestion, 


and egestion (defecation). 
BIOLOGY - 


Py" 


absorption, assimilation 
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e The human alimentary canal consists of mouth, pharynx, oesophagus, stomach, 
small intestine, large intestine and anus. 


e The digestive enzymes poured into the gut, are secreted from two kinds of 
sources; gut epithelium of stomach and intestine, and special glands (salivary 
glands, liver and pancreas). 


e Starch is digested in the mouth by salivary amylase, in the duodenum by 
pancreatic amylase. Other carbohydrates like maltose, sucrose and lactose are 
digested by the respective enzymes in the intestine. 


e Fats are emulsified by bile, and are hydrolysed by lipases in stomach and 
intestine. 


© Proteins are digested by pepsin in the stomach and by trypsin in the intestine 
and the peptidases break them into amino acids. 


e Absorption of digested food mainly occurs in the small intestine — simple sugars 
and amino acids are absorbed into the blood capillaries of the intestinal villi 
and the fatty acids and glycerol into lacteals. - 


e Most water from the digested food is absorbed in colon and rectum. 


Defaection is the expulsion of semi-solid faeces. 


@ Several hormones regulate the secretion of digestive juices from different parts, 
at the right time and in right quantity. 


e Besides playing an important digestive role, the liver has numerous other 
functions in connection with blood and general metabolism. 


1. Explain the term “autotrophs”. How are animals different from plants with 
regard to their mode of nutrition? 


TERMINAL E 


2. Enlist at least ten organs of the alimentary canal of man. 


3. Define the term “digestion”. List the digestive processes occurring in the small 
intestine. 


4. How does digestion of carbohydrates and proteins take place in humans? 


5. Explain the role of the following in the digestive process in humans : 


(a) Gastrin (b) Hydrochloric acid (c) Secretin 
6. Write short notes on 
(a) absorption of the digested food (b) assimilation 
(c) defaecation (d) role of liver in metabolism. 
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region of the gut where they act and their products in the table given below: a 
Carbohydrate Enzyme Region of gut Product 
1. Starch:--22 cog GIS E E eet nee DIES baler as £ A) 
2. Dextrin. sf orroa a e E is) on). E aA ee 
3. Maltose<cicees eee eee eres Slane ae 
4. Sucrose y, AEA E Pe es oe 
5. Lactose, (wate Aide hae puta | DE NSE F Ss - 


Bile has no digestive enzyme yet it plays a key role in digestion. What is its role? 


9, Draw a well labelled diagram of alimentary canal in humans. 


NSWERS TO INTEXT QUESTIONS 


13.1 1. Ingestion, digestion, absorption, assimilation, egestion 
2. All the five steps of digestion occur inside the cell itself. Paramecium, 
Amoeba etc. 


WD La: Le cose ane Rapin: kuater Sires sabes) Sd) Ti bs 8. b 
2. Parotid — in front of and below ear 
Submaxillary — inner side of lower jaw. 
Sublingual — below the tongue 
13.3 1. Smaller particles provide larger surface area for digestive action. 
2. (i) Salivary glands (ii) Stomach (iii) Pancreas 
3. 1. Pepsin 2. Trypsin, | 3. Chymotrypsin, 4. Carboxypeptidase. 
13.4 1. Colon/large intestine. 
2. (i) very long (ii) villi (iii) microvilli 
3. (i) Amino acids and simple sugars, (ii) fatty acids and glycerol. 
13.5.1. (i) Gastrin-stomach, stimulates secretion of gastric juice 
(ii) Enterogastrone-Duodenum, stops secretion of gastric juice. 


13.6 1. Fibrinogen, prothrombin, heparin 


N 


Sugar/glycogen, iron, vitamin A/D/B;2 
3. Broken down to. produce sugar and urea, sugar is used and urea is 
excreted. 
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RESPIRATION AND ELIMINATION OF 
NITROGENOUS WASTES 


Every living organism needs energy to perform various life activities, and the 
process of respiration fulfils this energy requirement. You have already learnt in 
the lesson on food and nutrition that animals take in high energy organic molecules 
in the form of food. During respiration, this food is broken down in the presence 
of oxygen to obtain energy. Respiration also produces carbon dioxide, a toxic 
substance which is eliminated from the body. Thus, uptake of oxygen and removal 
of carbon dioxide is an essential requirement of all animals, 


At the same time numerous other toxic wastes such as ammonia, urea etc. are also 
being produced in the tissues during various cellular activities. Such toxic waste 
need to be removed from the body. These are the two aspects of animal physiology 
that you will study in this lesson. You will also learn how excretion of waste and 
the maintenance of water and salt balance takes place in our body. 


=: / | OBJECTIVES 
After completing this lesson you will be able to : 
© define respiration, breathing, inspiration, expiration and vital capacity; 
© describe briefly the gaseous exchange in earthworm and cockroach; 


@ describe the parts of respiratory system in the human body and mention their 
functions; 


© draw a labeled diagram of human respiratory system; 
è differentiate between breathing and respiration; inspiration and expiration; 
© describe the mechanism of breathing and its regulation; 


© describe the exchange of respiratory gases in the lungs and their transport to 
and from the tissues; 
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e define excretion and mention its importance; 


è explain the terms such as ammonotelism, ureotelism and uricotelism; 


@ list the organs of excretion in cockroach; 

© list the parts of human excretory system and mention their functions; 

e explain ultrafiltration and describe how urine is formed in humans; 

e draw the microscopic structure of the human kidney; 

© list the normal ard abnormal components of urine; 

è explain the mechanism of osmoregulation and its regulation by ADH; 

© explain the role of dialysis and kidney transplantation in case of | kidney failure; 


e explain the role of liver in excretion. 


14.1 RESPIRATION 


Respiration is stepwise oxidation of glucose (and other nutrients) which results in 
the release of energy stored in the form of ATP (adenosine triphosphate). Whenever 
energy is required by our body, ATP is broken down and large amount of energy 
is released. 


Respiration is completed in following steps : 

Step-1 Gaseous exchange 

It involves exchange of gases between the cell and its surrounding medium. The 

cells obtain oxygen from the environment and return carbon dioxide and water 

vapour to it. In most higher animals this exchange of gases takes place in two 

phases : : 

(a) exchange of gases between the animal body and its external environment also 
called ventilation or breathing. f 

(b) transport of gases O, and CO, between the respiratory surface and the cells. 
This oxygen is used up in the second step i.e. during cellular respiration, which 
occurs inside the cell. 

Step 2 Cellular Respiration ; : 

It is a complex and elaborate process which occurs in the cytoplasm and the 

mitochondria. It involves : 

(i) the uptake of oxygen by tissues, 

(ii) stepwise oxidation of glucose molecules and other nutrients, 

(iii) release of carbon dioxide and energy. 

Thus ultimate goal of respiratory system is to provide oxygen to 

removal of carbon dioxide from them. 


and 


the tissues and 
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Body tissue TH Cellular respiration 


Fig. 14.1 General features of respiration 


14.1.1. Respiratory Exchange in Different Animals 
e All animals exchange gases with their surroundings by the mechanism of 
diffusion. 
e A gas diffuses across a membrane from outside where its concentration = 
pressure) is higher than inside where its concentration is lower. 
eè Thus oxygen is taken up and carbon dioxide is released from the respira 
surface. a 
@ For efficient gas exchange the respiratory surface should be large, moist, highly 
vascular, thin and easily permeable to oxygen and carbon dioxide. 


e To fulfill this requirement complex respiratory systems have evolved in the 
animal world. You will study a few of them in this lesson. i 


14.1.2 Gas exchange through the general body surface in earthworm — cutaneous 
respiration ae 

© Earthworm has no respiratory organs. The entire skin functions as the respiratory 
surface. ne 

© The skin is thin, moist and has a rich supply of blood capillaries. Thus, it is 
very suitable for respiration. T: 


@ The body surface is covered with a moist film consisting of secretions of | 
mucous glands, coelomic fluids and excretory wastes. 


@ The capillaries on the skin take up O, dissolved in the water (in the not ; 
on the surface of skin and release CO) into the atmosphere. 


e Earthworms have a closed circulatory system which means that blood flov 
within blood vessels. The respiratory pigment hemoglobin remains dissolve 
in blood plasma and not in any cells as in the human beings and oi 
vertebrates. 


© There is regular contraction of blood vessels which helps in the circulation of 
blood and hence in the transport of dissolved gases in the body. 
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Even frog shows some cutaneous respiration (respiration through skin) 
across their moist skin, particularly during hibernation when they become 
inactive during the winter to avoid cold. However, frogs are mainly lung 
breathing animals. 


14.1.3 Tracheal System in Cockroach Notes 
You must have noticed that the insects keep expanding and contracting their 
abdomen. This is to allow gaseous exchange. 

e Like majority of insects, cockroach respires by means of internal tubes called 
tracheae. 

© These tubes branch out extensively inside the body and carry air directly to the 
tissues from the atmosphere. 

e In cockroach, respiration does not involve blood as shown in the flow chart 
given below and therefore is very fast and very efficient. Tracheae open up to 
the exterior by paired slit like apertures called spiracles. Spiracles are found 
on the sides in the thorax and abdomen. 

© The fine branches of tracheal trunks called tracheoles finally penetrate the cells 
of the body and allow diffusion of respiratory gases directly into and from the 
cells. 

© The ends of the tracheoles are thin and filled with fluid in which respiratory 
gases dissolve. The inflow and outflow of air is affected by alternate contraction 
and expansion of the abdomen. 


Fig. 14.2 Tracheal system in a cockroach 


14.1.4 Respiratory system in humans (pulmonary respiration) 

© Humans have a well developed respiratory system suitable for meeting the 
higher requirement of oxygen in their bodies. 

@ The respiratory system consists of nostrils, nasal cavity, pharynx, larynx, 
trachea, and bronchi. 

© The two bronchi branch extensively into bronchioles, terminal bronchioles and 
ultimately end in the air sacs called alveoli. The bronchioles, their branches and 
air sacs are enclosed in a double membrane called pleural membrane to form 
the lungs. The lungs are the main respiratory organs. 
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_ Plants and Animals e Air passes through nostrils into bronchi, to bronchioles and into air sacs which 
are thin walled sacs with a single layer of cells and heavily covered with blood 
capillaries. O, from alveoli passes into capillaries and CO, from other 
capillaries diffuses into alveoli for being removed. Alveoli are the organs where 
the actual gaseous exchange occurs. 

@ The double layer pleural membrane covers the ee for its protection. It 

contains pleural fluid, which makes the movement of the lungs easy. 


l @ Each lung consists of a tree like system of branched bronchial tubes. ‘ 
The finest of them terminate into million of tiny sac like structure called alveoli. 
Alveolar membrane is very thin, moist and richly supplied with blood 
capillaries. 

@ The walls of both the capillaries and alveoli consist of a single layer of flattened 
epithelial cells. 


Refer to the following table 14.1 to get an idea of the structure and functions of 
different parts of the human respiratory system. 


Table 14.1 Respiratory organs of human body 


~ 


Function 
Nostril Opening of Nose Filtration of unwanted particles. 
Nasal Cavity Covered with mucous Traps dust, bacteria; warms and 
membrane and cilia moistens the air in the pharynx. 

Pharynx (Throat) Muscular Tube The common passage for both 
respiratory gases and food moving 
into digestive passage, separated 
by epiglottis (Epiglottis is a flap 
like structure that closes the tracheal 
opening (opening of the wind pipe) 
called glottis when food is 
swallowed). 

Larynx A small cartilaginous Connects pharynx to the trachea; 

/Voice Box) organ with vocal helps in sound production. 


Trachea (Wind pipe) 


Bronchus (Plural : 
Bronchi) 


cords : lined by, 
ciliated epithelium 


Supported by C-shaped 
cartilaginous rings 

to prevent it from 
collapsing. Trachea 
divides into two 
bronchi and enters 

the two lungs 


Elastic, ciliated and 
covered with mucous 
epithelium 


Passages of air upto bronchi. 


Enters the lungs and divides 

to form secondary bronchi, tertiary 
bronchioles and ultimately terminal 
bronchioles. Together they form the 
bronchial tree. 
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Bronchiole Small terminal Convey air into alveoli. Plants and Animals 
branch of bronchus 
leading to alveoli 

Alveoli (Air sacs) Supplied with blood Exchange of Gases. 


capillaries, thin moist 


Cartilaginous 
rings 
Secondary bronchi 
Tertiary bronchi 


pulmonary artery 


Alveolar duct 


Air sac or 
infundibulum 


(b) 


(a) 
Fig. 14.3 (a) Human lungs (b) branching of bronchi upto terminal alveoli” 


Table 14.2 : differences between breathing and respiration i 


Breathing 


1. Bio-chemical process involving enzymes 
2. Occurs in all organisms ` 


1. Physical process 
2. Takes places only in reptiles, birds and 


mammals 
3. It is a rhythmic process 3. It is a continuous process \ 
4. It is an extracellular process ` 4, Itisan intracellular process “~ 


5. It involves enzymatic breakdown of 


5. It involves gaseous exchange between the 
glucose and release of energy _ 


animal and it’s external environment 
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3. What is cutaneous respiration? Name one animal that undertakes cutaneous - 
respiration. 


4. What is the colour of the blood of the earthworm? Name the pigment 
responsible for the colour. 


5. How is oxygen transported to the cells in the cockroach? f 


teresreresoesnesssesteenasensnenadessesnnsnresttnnssseessesesspenssresaneesoaneanesnsetevesussssetrsusssessosssresronnanaana 
berirresssnssansarenunnennerennnnansrenesttessesansesreenasssssssassnennssenssnnnessenesasasserersssssesrsoreconsseseerenatt 


Srsrsnsrtesnesseesosenerenseesenatesoreeseeereeennennnannsnnannesarsssasssseerenadensstatenessassssantisssssssssorrarennnana 


teerreeeeperesreneseserreoevsoeantrensennressotennenenuuennnesssepeseeseseeseorereespgeanieenasssssgensisssssserresnreendane 


9. Name the part of the respiratory system where air is filtered, moistened and 4 
warmed in humans “ 


14.2 MECHANISM OF PULMONARY RESPIRATION 
The main purpose of respiratory system is to provide oxygen to the tissues and to ~ 
remove carbon dioxide from them. This entire process is achieved through the 
following steps: 


(i) Breathing or pulmonary ventilation leading to exchange of oxygen and carbon q 
dioxide between the atmospheric air and the lungs. 

(ii) Exchange of gases at the alveolar surface. 

(iii) Transport and exchange of gases in the tissues. 

(iv) Cellular respiration. 


14.2.1 Breathing or pulmonary ventilation f 
It is a mechanical process of taking in atmospheric air into the lungs and giving A 
out carbon dioxide. Breathing is an involuntary process but under special conditions — 
it can become voluntary also. It consists of two steps during which lungs are — 
contracted and expanded alternately. E 
1. Inspiration or taking air in, and E 
2. Expiration or forcing air out (refer to Fig. 14.4). 


1. Inspiration (The intake of air) : A muscular dome shape diaphragm is present 
at the base of the lungs. On contraction it becomes flattened and lowered. The , 
lower surface of lungs is pulled downwards and the volume of lungs increase. 
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External intercostal muscles present between the ribs contract, the rib cage 
moves outwards and upwards. These contractions together increase the volume 
of the chest cavity, lower the air pressure within the lungs and the atmospheric 
air rushes in filling the lungs with fresh air. Thus, inspiration is an active phase 
of breathing. 

2. Expiration (releasing air) : This step involves the relaxation of external 
intercostal muscles and contraction of internal intercostal muscles. As a result 
the rib cage lowers and moves inwards. The diaphragm also relaxes and rises 
again into its original dome shaped condition. The abdominal organs press up 
against the diaphragm. This change decreases the volume of the chest cavity, 
thus, increasing the air pressure within the lungs and the air, which is laden 
with CO, is forced out. 

Forced breathing, It is possible that during forced breathing both inspiration 

and expiration are active processes because some more intercostal muscles 

and the abdominal muscles are brought into action for deeper breathing 
movements 


a 
E 


Side View 


Intrapleural space Trachea 


Chest Wall 


Fig. 14.4 Breathing movements 


14.2.2 Exchange of gases at the alveolar surface 

© Blood is the medium for the transport of oxygen from the lungs to the different 
tissues and carbon dioxide from tissues to the lungs. 

e The deoxygenated blood is brought to the lungs by pulmonary artery which 
divides into fine capillaries and surround alveoli. 

© Both alveoli and capillaries are made up of thin walled single layer of epithelial 
cells and therefore allow gaseous exchange easily. 

© There is more oxygen in alveolar air and more carbon dioxide in the capillaries. 
Due to the pressure difference of oxygen and carbon dioxide between the alveoli 
and blood capillaries, the oxygen diffuses from alveolar air into the capillaries 
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alveolar air. 
© Oxygenated blood is taken from the lungs to the heart by pulmonary vein. 


Volumes exchanged 
Following table 14,3 shows the air volumes exchanged during breathing in a normal 
adult human being. ; 


Table 14.3 : Air volume exchanged during breathing 


Tidal volume (TV) Volume of air inhaled and exhaled without any | 500mL 
noticeable effort (normal breathing). 
Vital capacity (VC) Volume of air that can be maximally breathed | 3400-4800mL 
out after a maximum inspiration (VC = 
IRV+TV+ERV). 
Inspiratory reserve volume |- Volume of air that can be taken in by forced | 2000-3000 mL 
(IRV) inspiration over and above the normal 
inspiration. 
Expiratory reserve volume | Volume of air that can be expelled by forced | 1000 mL 
(ERV) expiration over and above the normal expiration. 
Residual volume (RV) Volume of air that cannot be forced out even | 1000-1500mL 
on forced expiration. This is the air that remains 
in the lungs and in the air passage. 
Total lung capacity Sum of all lung volumes (maximum air that | 5500-6000mL 


remains in the lungs after a maximum 
inhalation). 


Vital capacity may be highly reduced in smokers and people suffering from 
tuberculosis. Athletes and singers on the other hand have higher vital 
capacity. 


14.2.3 Transport of oxygen by blood from lungs to tissues 


Efficient transport of oxygen is by a complex blood protein called haemoglobin. 
This iron rich protein is packed in Red Blood Corpuscles (R.B.Cs) giving blood 
a red colour. About 97 percent of the total oxygen is transported from lungs to the 
tissues in combination with haemoglobin. Only 3% of oxygen is transported in 
dissolved form by plasma. Oxygenation of blood takes place in lungs. Four 
molecules of oxygen form a reversible bond with haemoglobin forming the 
compound oxyhaemoglobin. 


Hb +40, Lung alveoli Hb(40,) 


Active Tissue 


(Haemoglobin) (Oxyhaemoglobin) 
When the oxygenated blood reaches the tissue surface there is high concentration 
of CO, in the tissues, oxygen having been used up and low concentration of O2 


As a result the bonds holding oxygen and haemoglobin in Hb (403) becomes 
unstable and blood releases oxygen and takes up CO). 
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14.2.4 Transport of carbon dioxide (from tissues to lungs) Plants and Animals 
Blood transports carbon dioxide with comparative ease because of its high 
solubility. Active tissues constantly produce CO. This CO, is transported to the 
lungs in three ways: 
(i) CO, is physically dissolved in blood plasma (only 5-7% of the total CO, is 
transported). 


(ii) CO; directly combines with haemoglobin of RBCs to form 
carbaminohaemoglobin (about 21-23% only). 


(iii) As bicarbonate it is dissolved in plasma but produced in RBCs catalysed by 
the enzymes carbonic anhydrase and then diffuses into plasma (largest fraction 
of CO,, about 75% to 80%) 


CO, +H,0 


Carboni a mO 
ak (Carbonic acid) 


H,CO, —> HCO; +H* 
Carbonic acid (Bicarbonate ion) 
Bicarbonate is extremely soluble and dissolves in blood plasma. It again passes into 
RBC and breaks into CO, and HO in the alveoli. Inside the lungs the CO, 


transported to lungs from tissues in the three ways mentioned above is released 
into the alveolar air and finally breathed out (Fig. 14.5). 


Respiri 
espiring cell RBC 


Plasma 


Oz2+ Hb>HbO;2 
CO2 + Hb>HbCO2 


CO, + H,09H" +HCO;" 
cr 


10-20% bound to Hb 


75% as bicarbonate 


5% dissolved in plasma 
NaCl->Na+ HCO; 
NaHCO 


Fig. 14.5 Transport of carbon dioxide in the blood. 


14.2.5 Regulation of respiration 

Count the number of times you breathe during normal re 
climbing up the stairs. How is the change in the breathing 
will now study about regulation of respiration. 
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Plants and Animals The regulation of respiration is under nervous control. There are three groups of 


neurons called respiratory centres present in the medulla oblongata and pons in the 
brain. These are: 
(a) Dorsal respiratory group — generates basic respiratory rhythm. It stimulates the 
—_ N external intercostal muscles, the diaphragm contracts and inspiration occurs. 
gie When the stimulation ceases, these muscles relax and expiration takes place. 
(b) Ventral respiratory group sends signals: under enhanced respiratory needs. It 
controls both inspiration and expiration. 
(c) Pneumotaxis center in the pons controls switch off point of inspiration and 
thereby smoothens the transition between inspiration and expiration. 
Increase in blood carbon dioxide and hydrogen ions increase the rate of respiration. 
g | 
If we try -to hold our breath, we are not able to hold it for long time. This 
is because the respiratory centres of the medulla automatically reinstate 
breathing when the concentration of CO, in blood reaches a critical level. 


14.2.6 Cellular respiration 
Oxygen taken in the blood is utilised in all the living cells during cellular 
respiration. It is a complex process that is completed in the mitochondria. During 
cellular respiration, glucose is oxidized to release energy. Energy released is stored 
in ATP (Adenosine Triphosphate) molecules and is readily available for cell use. - 
The process can be summed up as follows: 
Mitochondria 
C6Hı206 + 6CO2 Cell Respiration ? CO2 +H,0 + ATP (energy) 
Respiration that takes place in the presence of O, is called aerobic respiration. 
It is more efficient as 38 molecules of ATP are released on the oxidation of one 
glucose molecule. 
Absence of oxygen for sometime may lead to anaerobic respiration. It is 
inefficient as only 2 molecules of ATP are produced from one glucose molecule 
(Refer lesson 12 for details). 
Respiration 
Breakdown of glucose to release energy 


Aerobic Anaerobic 
(Respiration va O, is available) (respiration in the absence of O3) 
l 


Mim Te: [2 Fyre acd 
e- 0: x 
6CO, + 6H O + 38ATP 2CO, + Alcohol + 2ATP 
2 Lacctic acid + 2ATP 


300 | BIOLOGY 


Bronchial asthma 


Bronchitis 


Pneumonia 


Tuberculosis 


Occupational lung 
hazards 


It is an allergic 
disease caused due 
to certain foreign 
substance in the 
air. 


Inflammation of 
bronchi caused by 
infection. It can 
also be caused by 
smoking and by 
exposure to air 
pollution. 


Acute 
inflammation 
caused by 
diplococcus 
infection in the 
alveoli of the lung. 


It is a bacterial 
infection that 
spreads through 
droplets of infected 
persons 


Caused due to 
exposure to 
harmful substance 
like silica, 
asbestos, dust etc. 
present in the 
environment where 
a person works. 


Causes difficulty in 
breathing and 
coughing because 
excess mucous 
secretion may 
narrow down (clog) 
the bronchioles. 


Regular coughing 
with greenish blue 
sputum 


It causes fever, pain 
and severe cough. 
Most of the air 
space is occupied by 
fluid and dead 
W.B.C. 


It can affect many 
other organs but 
pulmonary T.B. is 
most common. 
Weight loss and 
cough are common 
symptoms. It is 
accompanied by low 
fever. In extreme 
cases blood may 
come out while 
coughing. 

It is expressed after 
exposure of 10-15 
years or more. It 
causes fibrosis of the 
lungs. 


Avoiding exposure to 
the foreign substance 
is the best preventive 
measure. 


Avoiding exposure to 
smoke and dust 
prevents bronchitis. 


Avoid crowded places 
where infection is 
prevalent. 


BCG vaccine can 
prevent T.B. Well — 
ventilated dwellings 
and protein rich diet - 
is also essential for 
T.B. patients. 


Such diseases can be 
prevented by 
minimizing the 
exposure to such 
substances by using 
protective masks and 
clothing. Regular 
health check — up is 
necessary. 
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Why is cigarette smoking harmful? 
Cigarette smoking is harmful because it Cigarettes Are: 
leads to: isons 
@ diminished or extinguished sense of A 

smell and taste Carbon 


smoker’s cough reen 
gastric ulcers Cadmium 
chronic bronchitis 

increase in heart rate and blood pressure 


premature and more abundant face wrinkles 
heart disease 


stroke 


cancer of the mouth, larynx, pharynx, oesophagus, lungs, 
pancreas, cervix, uterus, and bladder 


3. What is the capacity of tidal volume? 


4. What is the maximum number of oxygen molecules that haemoglobin can 
combine with? 
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All animals possess some mechanism of getting rid of the waste substances 
produced in their body during metabolic activities. These waste substances include 
CO», water, urea, uric acid and ammonia, etc. such substances can be harmful if 
retained in the body. 

Besides metabolic wastes, excess salt (eg. NaCl taken in food), H,O and even some 
excess vitamins need to be eliminated. Certain medicines (antibiotics) too are 
removed from the blood in the urine. Removal of all harmful, unwanted products 
(specially nitrogenous wastes) from the body is called excretion. Excretory 
system is primarily associated with removal of nitrogenous wastes. j 

Urea is the main nitrogenous waste in our body. It is formed by the breakdown 
of surplus amino acids and nucleic acids in the liver. Blood transports urea to the 
kidneys for filtration and removal in the form of urine. 


14.3.1 Modes of removal of nitrogenous wastes 
Depending upon the nitrogenous wastes excreted, animals can be classified as 
ammonotelic, ureotelic and uricotelic. Table 14.4 categories of animals on the 
basis of nitrogenous waste produced. 

Table 14.4 Categories of animals on the basis of nitrogenous waste produced 


Product formed Solubility in water Examples 


Highly soluble, Fresh water aquatic 


Category 


Ammonotelic Ammonia (highly 
toxic) therefore needs plenty | animals e.g. bony 
of water for its fish, Amoeba 
excretion. 

Ureotelic Urea (less toxic) Less soluble, thus Mammals like man, 
needs less water for dog etc, marine 
excretion fishes and 

amphibians like 
frog and toad 

Uricotelic Uric acid (least Insoluble solids or Birds, reptiles and 


toxic) semi solid. Needs very | insects. 


little water just to 
flush out the uric acid 


Importance of excretion 

(a) Excretion is necessary for the elimination of nitrogenous wastes formed during 
metabolism of proteins (amonio acids) and nucleic acids. 

(b) F'imination of excess salts like NaCl, vitamins, bile pigments (from the f 
breakdown of old RBCs) and certain medicines and drugs, and 
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Forms and Function of A 
Plants and Animals (c) Removal of excess of water or its retention in case of shortage of water. This 


is to maintain the required quantity of water (osmoregulation) in the body. 


i r 
Notes ce] 


1. Name the organ where urea is produced and the organ from where urea is 
excreted. 


INTEXT QUESTIONS 14.3 


2. Which is the most toxic form of nitrogenous waste? Name an organism that 
excretes it. 


14,3.2 Excretory organs in cockroach 

@ Cockroaches ate adapted for terrestrial life and possess excretory organs called 
Malpighian tubules (Refer Fig. 14.6). They excrete uric acid, which is almost 
insoluble in water. i 


e The malpighian tubules are long, blind ended tubules attached to the alimentary 
canal at the junction of mid and hindgut. 


e They lie in the abdomen and are bathed in haemolymph (blood of insects). 


Salt, water and nitrogenous wastes 


Malpighian tubule 


Faeces and urine 


Bese 
Hindgut Reabsorptiom of 
f re H,O ions and 
PINS Mp Mid valuable organic 
t> Malpighian tubules eeu molecules 


Fig. 14.6 Excretory organ of cockroach. 


e The cells of tubules remove nitrogenous waste and certain salts from the 
haemolymph and then pump them into the lumen of the tubule. 


Fluid passes to the hindgut and in the process gets concentrated. 


® This concentrated fluid then moves into the rectum and is excreted as 
concentrated urine along with faeces. 


Respiration and Elimination of Nitrogenous Wastes : 
æ MEL! 


nn ae 
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Most of the salt and water is pumped back into the haemolymph by Malpighian 
tubules and in this way the nitrogenous wastes are eliminated as almost dry 
matter. 


14,3.3 Excretary organs in humans 
The human excretory system comprises of a pair of kidneys, a pair of ureters, a 
urinary bladder and urethra (Fig. 14.7) 


Kidneys are bean shaped organs located on either side of the vertebral column 
in the lower abdominal cavity. 


On the concave median margin of each kidney there is a notch called hilum 
which leads into funnel shaped space called renal pelvis. 


The pelvis is surrounded by an outer layer of tissue called renal cortex and 
an inner layer of tissue called the renal medulla. 


Kidneys filter metabolic wastes from the blood and excrete them as a liquid 


called urine. As kidney form the urine, they also maintain the normal 


composition of blood, fluid and salt balance throughout the body tissues. 


Urine formed in the kidney is brought to the urinary bladder by two hollow 
muscular tubes called ureters. 


Urethra is the small tube that leads urine to the outside of the body. 


From urinary bladder urine is passed outside via urethra during urination 
voiding of bladder is called micturition. 


Left renal artery 


Right renal Vein 
Right kidney 


Cortex 


Medula 


Left kedney (cut opento show 
internal structure) 


> 53 
PO 
Bladder (cut open to show 

interna! structure) 


Muscular wall 

Upper sphincter 

Lower sphincter 
Urethra 


Fig. 14.7 Excretary organs of humans. 


MODULE - 2 


Forms and Function of 
Plants and Animals 


BIOLOGY. 


MODULE - 2 


Forms and Function of 


>E Respiration and Elimination of Nitrogenous Wastes 


Plants and Animals Structure of Kidney 
Microscopic structure of kidney (Fig. 14.8) 


@ Kidney contains a large number of minute tubular structures called nephrons 

that are located partly in the renal cortex and partly in the renal medulla. They 

we Notes form urine and drain it ultimately into the pelvis of the kidney from where the 
ureters transport the urine to the urinary bladder. 


© Nephrons are the structural and functional units of kidney associated with blood 
vessels and capillaries. There are about 1 million nephrons in each kidney which 
filter out about 180 litres of fluid per day most of which is reabsorbed. Each 
nephron can be divided into two regions (i) proximal nephron and (ii) loop of 
henle. 


I: 


Soo We ee ES 


Renal corpuscle (composed of cup-shaped bowman’s capsule and a tuft 
of capillaries (called glomerulus). Glomerulus receives the blood from 
a branch of renal artery. 


Proximal convoluted tubule (PCT) 
Descending limb of loop of Henle 
Ascending limb of loop of Henle 
Distal convoluted tubule (DCT) 
Collecting duct 


Collecting ducts of all the nephrons join and ultimately form the pelvis 
from where the ureters arise. 


Peritubular blood capillaries passing over the tubules. They join and form 
the renal vein, 


Pyramid a block of 
medulla projecting into 

the pelvis 

Opening of collecting 
duct 

Renal artery 


Librous capsule 


Cortex 
Medulla 


Fig. 14.8 Microscopic structure of human kidney 
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14.3.4 Formation of urine 

Nephrons carry out excretory and osmoregulatory functions in the following steps- 
1. Ultrafiltration 
2. Selective reabsorption 


3. Tubular secretion 


1. Ultra-filtration 

Each glomerular capillary receives blood flowing under high pressure through a 
branch of renal artery. There is continuous process of ultra filtration (filtration under 
pressure). 

All small molecules like water, glucose, minerals, amino acids, urea and uric acid 
are filtered out of the blood plasma into the Bowman’s capsule through the capillary 
walls. Proteins remain in the glomerular blood. Thus a protein free filtrate is 
collected in the lumen of the Bowman’s capsule. The hydrostatic pressure of the 
circulating blood provides the pressure for filtration. 


2. Selective reabsorption or tubular reabsorption 

As the glomerular filtrate flows through the tubules several substances useful to 

the body such as glucose and animoacids and mineral ions needed to maintain the 

water and salt balance are reabsorbed through the walls of the renal tubule. The 

blood capillary passing over the nephrons absorb these substances. 

(a) About 65%- 85% of filtrate is reabsorbed in Proximal Convoluted tubule (PCT). 
It includes water, glucose, amino acids, salts etc. 

(b) About 5% of water is reabsorbed in the descending limb. 

(c) Ascending limb is impermeable to water; hence only salts are reabsorbed here. 

(d) In Distal convoluted tubule (DCT) and collecting duct Na* is reabsorbed under 
the influence of the hormone aldosterone (secreted by adrenal cortex) . Water 
is absorbed under the influence of ADH ( Anti diuretic Hormone) secreted by 
posterior pituitary. 

3. Tubular Secretion 

Cells of the renal tubule also directly serecte certain unwanted substances from the 

blood into the filtrate. These include uric acid, K* ions, ammonia etc. The filtrate 

is now known as urine. 


Storage of Urine 
The urine passes into urinary bladder via ureters 


and is stored there. The 
200 cm? or more urine 


bladder can hold 400-500 cm? of urine. When about 
leading to the desire to 


collect in bladder, stretch receptors are stimulated 1 
discharge urine. 
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Plants and Animals 14.3.5 Composition of urine (Table 14.5) 


Table 14.5 Composition of urine 


Normal components Abnormal components 


Components Amount/Day Component Cause 
See Water \ 1200-1500mi | Glusose Diabetes mellitus 
Notes 1 
Urea 25-30 gms Proteins Kidney disease 
Uric acid 0.7 gms Acetones Diabetes mellitus, starvation 
Creatine 1.2 gms Erythrocytes Infection in urinary system 
Ammonia 0.6 gms Leucocytes Large numbers indicate 
infection in urinary system 
NaCl 10-15 gms Uric acid crystals | Gout 
KCI 2.5 gms 
Magnesium 0.2 gms 
Phosphate 1.7 gms 
Sulphate 2.0 gms 
Minute amounts of fatty acids, amino 
acids, pigments, mucin, enzymes, 
hormones, vitamins. 
1. In what form the cockroaches excrete their nitrogenous waste? What is its 
advantage for cockroach? 
2. Where do malpighian tubules of cockroach open? 
3. List the parts of human excretory system and their functions, 
4. Name the functional unit of kidney and its parts. 
Deere areata ate art aaa atte seas WsetboAhARGunsidasasssocesessicanceceessser’ 
5. List the substances that are filtered out during ultrafiltration 
fssssseseessnsunecnsnonsnnsacennnsonsnssensounanuasasssnnnnnnannnntnnsssaenannnnnnnsaceasesngseennuassrsnsnsserssesnentset#t 
| 6. What are the substances reabsorbed by the nephron? 
| 7. What is the importance of tubular secretion? 
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8. Under which situation are the following present? Plants and Animals 
(a) Glucose in the urine 


(b) Uric acid crystals .....cs.stsecsssessnesccseccodesenssssssssrnsseases 


9. What is the normal volume of urine excreted per day? 


14.4 OSMOREGULATION BY KIDNEY 

Maintaining the solute concentration of the body fluids is called osmoregulation. 

Fine control of the precise amount of water and salt reabsorbed into blood is an | 

important function of the distal convoluted tubule and collecting ducts. Depending 

on the need of the water in the body, kidneys excrete hypotonic (dilute) or 
hypertonic (concentrated) urine. Osmoregulation is controlled by the hormones 

ADH and aldosterone. Feedback circuits regulate their secretion. 

(a) When the water content of the body is more, leading to low osmotic pressure, | 
less ADH (anti diuretic hormone) is released. Hence the wall of the DCT and © 
collecting tubules remain less permeable and as a result plenty of dilute urine 
(hypotonic urine) is excreted. 

(b) When water content of the body is low, the posterior pituitary secretes more 
of ADH. The permeability of the tubules is increased. As a result more water 
is reabsorbed into the blood and reduced volume of concentrated urine is i 
excreted (hypertonic urine). Diuresis means the production of increased amount 
of urine, so anti diuresis means reduction of urine volume and hence the name fi 
antidiuretic hormone or ADH. 
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(c) Urine is also concentrated by the counter current system of the descending and | 


ascending limbs of Henle’s loop. ‘About 5% of the water from the filtrate is | 
absorbed in this part. i 
(d) In response to low sodium ion concentration (or iow blood pressure) another | 
hormone, aldosterone is released by the adrenal cortex. It stimulates the kidney | 
tubules to absorb sodium ions in exchange of potassium ions. This leads to | 
reabsorption of water by osmosis. As a result of increased blood volume the | 
blood pressure is increased. Similarly high sodium concentration will inhibit 
aldosterone release and as a result lower sodium ion concentration in blood. 
You will learn more about hormones in lesson 16. 


TRANSPLANTATION 


14.5 HAEMODIALYSIS AND KIDNEY 


Haemodialysis 

1. The blood urea level rises abnormally (uraemia) in patients suffering from 
kidney failures. In such patients, an artificial kidney is used for removing excess 
urea from the blood by a process called haemodialysis. It is carried out in the 
following steps : 

2. Blood is “ken out from the artery of the patient and cooled to 0°C. 


BIOLOGY 


espiration and Elimination of Nitrogenous Wastes 


MODULE - 2 


Forms and Function of ; 
Plants and Animals 3. This blood is then passed through cellophane tubes of the artificial kidney. 


Cellphane is permeable to micro molecules such as urea, uric acid and mineral 
ions. It is not permeable to macromolecules such as plasma proteins. 
4. Outside the cellophane tube is the dialyzing fluid, which has some solutes like 
those in blood plasma but no nitrogenous molecules like urea, uric acid. 
ao Notes || 5. Hence the nitrogenous compounds from within the cellophane tubes flow into 
the dialyzing fluid by diffusion. 


6. Blood coming out of the artificial kidney is warmed to the body temperature 
and returned to the vein of the patient. Dialysate out | 
The dialysis process. Anticoagulant 7 | 
added here 
Blood returing ' 
to patient 
Transplantation 
Patient’s i 
Eeey Plasma Membran b Dialysate 
(cellophane). 
Atâ Excess salts {=== Salts 
Yanay Excess wat ss 
Transplanted Water 
kid 
eny Urea Urea 
Ureter Toxins jfa ae To ‘oxins 
Lliac vein G 
Lliac artery lucose F Glucose 
Bladder Dissolved 
protein 
Red blood cell = 
Fig. 14.9 Artificial kidney (haemodialysis) Purified blood: 1 Fresh dialysis 
p 5 ‘| flui i t 
Kidney transplantation retumed to the body | i "ER ie r 
If kidney failure cannot be treated by the other available means, kidney transplantation 
is advised. 
e Donated kidney may come from a living person or a donor who has recently 
died. 


e The genetic make up of the donor should be as close to the patient as possible, 
that is, if it is donated by a close relation, it reduces the chances of rejection. 
e Drugs are, however, used to prevent rejection of the transplanted kidney by the 


body. 
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e It excretes bile pigments, cholesterol, drugs and some vitamins. 

o lt excretes all the above mentioned in bile, which flows into the small intestine 
and from there these get removed with the faeces. 

e Formation of urea and uric acid (from ammonia) also takes place in liver. These} “ Notes 
are removed from the body by the kidneys. 


© naa 


1. Name the organ where urea is formed. 


ed 
Metabolic activities produce a number of waste products that need removal from 
the body. 

e Breathing is a mechanical process of inhaling air (inspiration) and giving out 
of CO, rich air (expiration). 

© Skin acts as the breathing organ for earthworm. It is thin, moist and richly 
supplied with blood capillaries. 

© Cockroaches have air tubes called trachea for respiration. Air reaches directly 
to the tissues for gaseous exchange. Blood does not participate 1n gaseous 
transport. 


e In humans, air passes through respiratory passage as follows- 


Nostrils -sPharynx—>Trachea—»Bronchi—Bronchioles->Alveol in lungs 
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Plants and Animals @ Cellular respiration is a chemical process which takes place within the cell and 
is associated with release of energy. 


e Haemoglobin is an iron containing pigment that can easily combine with oxygen 
and transport it to different parts of the body. 


HERA Nates le Carbon dioxide in blood is transported in three ways: (a) dissolved in plasma, 
(b) as carbaminohaemoglobin, and (c) as bicarbonates 


è Aerobic respiration takes place in the presence of oxygen. 38 molecules of ATP, 
carbon dioxide and water are released during this process. 


è Anaerobic respiration takes place in the absence of oxygen. 2 molecules of ATP, 
carbon dioxide and alcohol or lactic acid are produced during this process. 


e Excretion is the removal of nitrogenous wastes from the body. 


@ Human excretory system consists of a pair of kidneys, a pair of ureters, a urinary 
bladder and a urethra. 


@ Nephrons are the filtering units of kidney. 


© Urine formation by nephrons has three steps : ultrafiltration, reabsorption and 
tubular secretion. 


@ Urine consists of water, urea, unwanted salts and some drugs. 


© Depending upon the kind of excretory product, animal may be classified as 
ammonotelic ureotelic, or uricotelic. 


e Anartificial kidney or dialysis machine may be needed in case of kidney failure. 


@ Malpighian tubules in cockroach remove uric acid from the body cavity into 
the digestive tract for removal. 


Gal 


1. List the major steps that are involved with respiration in humans. 
2. How is oxygen transported in earthworm? 
3. Name the respiratory pigment in earthworm. 


4. What is the role of carbonic anhydrase in the transport of carbon dioxide in 
our body? a 


15. Which part of our respiratory system is known as the voice box? 
6. Where are respiratory centres situated in our brain? 
7. Name one nitrogenous waste removed by the kidney. 


TERMINAL EXERCISES 


8. Name the hormone the absence of which will result in excretion of hypotonic 
urine. 
9. What is the role of cellephane in dialysis? 
i 10. Why is inspiration said to be an active phase and expiration as passive phase? 
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11. Differentiate between Plants and Animals 
(a) Breathing and respiration s 
(b) Inspiration and expiration A 

12. List the special features of alveoli that enable easy gaseous exchange. [m= 

13. What is vital capacity, tidal volume and residual volume? i a 


14. Give reasons for the following : 
(a) Exchange of gases at the alveolar surface continues even during expiration. 


(b) Trachea and bronchi do not collapse when air pressure decreases inside 
them. 


15. Draw the excretory system of human and label the parts. 

16. Draw the structure of a nephrons and label the parts. 

17. What is the cause and symptoms of pneumonia and TB? 

18. What is the role of liver in excretion? 

19. Explain how nitrogenous wastes are removed from the body of cockroach. 

20. How does ultrafiltration and reabsorption occur in nephrons? 

21. Explain how gaseous exchange takes place in the lungs. 

22. How is oxygen transported from the lungs to the tissues and carbon dioxide 
from tissues to the lungs? 

23. How is (a) Water balance, and (b) Salt balance maintained by kidney? 

24. List the parts of human respiratory system in correct sequence and state their 
functions. 

25. List three characteristics of our lungs which make them suitable as respiratory 
surface. 


ANSWERS TO INTEXT QUESTIONS 
14.1 1. Stepwise oxidation of glucose resulting in release of energy. 
O2, CO2 
Respiration by the skin; frog 


2 

3 

4. Red, haemoglobin 

5. Directly through tracheoles 

6. Insects 

7. Through spiracles 

8. Nostrils > pharynx —> bronchi —> bronchioles —> lungs 
9. Nasal cavity i 

10. Prevent food from entering the trachea or food pipe 
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14.2 1. 


mechanism of taking in air and then giving it out 

relaxed and dome shaped 

500 mL 4. 4 molecules 5. Pulmonary vein 
(a) dissolved in plasma as carbon dioxide — 5% 

(b) as carboxy carbamino haemoglobin in RBC — 20% 

(c) as bicarbonate ions in RBC or plasma — 75% 

Bacillus Calmette Guerin (BCG) 

Silicosis or asbestosis 


Bronchitis is an infection of the bronchi and antibiotics can cure it 
whereas bronchial asthma is an allergic reaction. 


(a) Liver (b) Kidney 
Ammonia; amoeba and fresh water fishes 
(a) Excretion (b) Osmoregulation 


Uric acid; this is to prevent water loss as these animals need to conserve 
water 


Malpighian tubules open at the junction of mid and hind gut 
Kidney-filters nitrogenous wastes, excess of water and salt 
Ureters-transport urine to the bladder 

Urinary bladder-temporary storage of urine 

Urethra-drain urine outside the body 


Nephron, consisting of renal corpuscles made up of bowman’s capsules 
and glomerulus, PCT, loop of Henle, DCT, collecting duct 


Water, amino acid, glucose, urea, uric acid, minerals, vitamins, etc. 


Water, glucose, some salts, amino acid and small quantity of urea and 


uric acid. 


Direct elimination of certain minerals can take place such as ammonia 


and potassium. 

(a) Diabetes mellitus ` (b) Gout 
1200 to 1500 mL 

Liver 


Cellophane is impermeable to macromolecules like plasma proteins and 
blood corpuscles 


It contains some minerals and solutes like those in plasma but no urea 
and uric acid is present. 


Artery 
When kidney failure cannot be treated. 
Bile pigments are removed along with bile via the digestive tract. 
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CIRCULATION OF BODY FLUIDS 


The body of almost all the animals, has some form of fluid circulating in the body. 
Such fluids constitute the distributing system (to supply substances) as well as 
collecting system (to pick up substances) from the various parts of the body 
(including the remotest cell). What are these fluids? How are these circulated and 
in what way do they function in our body? These and many more questions will 
be answered in this lesson. 


}||OBJECTIVES 
After studying this lesson, you will be able to : 

è explain the importance of the circulatory system in human body; 

© differentiate between open and closed system of circulation; 

© list and draw the organs of circulatory system of cockroach; 

© list and draw the organs of circulatory system in humans 

© describe the histology, functions and composition of blood in humans 

© compare the structure and functions of an artery, a vein and a capillary; 
© explain the process of blood coagulation in humans 

© mention blood groups and describe blood transfusion; 

© explain blood pressure; 

© describe lymphatic system and mention its components; 

© define immunity and describe its different types; 


© explain various immuno-deficiency disorders; 

© name and describe some blood related" disorders such as hypertension; 
atheroma and arteriosclerosis; 

© explain ECG and role of pacemaker in treating heart beat-related disorders. 
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15.1 CIRCULATORY SYSTEM 
Our body is made of cells. Cells need nutrients and oxygen to survive, and wastes 
need to be removed from them. Hormones are also needed to be transported from 
the endocrine glands which secrete them to their respective target cells. This work 
of transportation of nutrients, gases, wastes and other substances from one part of 
our body to the other part, is carried out by blood, and as termed circulation. 


The organs responsible for the flow of blood and lymph through various 
parts of the body constitute the circulatory system 


1. Functions of circulatory system 
(i) Transport of nutrients to the tissues for their utilization 
(ii) Transport of respiratory gases (O, and CO ) to and from the cells. 


(iii) Collection of metabolic wastes from different tissues and transport them 
to excretory organs for their removal. 


(iv) Transport of hormones from endocrine glands to target organs. 
(v) Protection of body by destroying pathogens. 
(vi) Uniform distribution of heat in the body. 
2. Types of Circulatory System 
Depending upon the mode of circulation, the circulatory system may be open or 
close type. 
(i) Open circulatory system 


(a) Blood does not flow in closed vessels rather it flows through parts of the 
body cavity. It remains mixed with the body fluid. 


(b) Sufficient high pressure for circulation is not maintained. 


Organisms like prawns, insects etc have open circulatory system. 


(ii) Close circulatory system 
(a) Blood flows in well-defined tube-like vessels. 


(b) Sufficient high pressure is maintained . 
(c) System is more efficient than open type. 


Closed system is found in all vertebrates. 


15.2 CIRCULATORY SYSTEM OF COCKROACH 
The circulatory system of cockroach is of open type. It consists of a pulsatile heart 
(dorsal blood vessel) and sinuses through which flows the blood. The blood is 
clourless and fill the entire body cavity which is rightly called homocoel. Thus the 
blood is called haemolymph. Haemocoel is divided into three sinuses (chambers) 
by two horizontal septa called dorsal diaphragm and ventral diaphragm. The 
three sinuses are dorsal sinus or pericardial sinus enclosing the heart, middle 
perivisceral sinus lodging the various visceral organs and the ventral perineual 
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sinus enclosing the ventral nerve cord. Both the diaphragm are perforated in that | Plants and Animals 
the three sinus remain in communication with each other. 


The heart is an elongated tubular Similar structure, closed behind and open in front, 
running all along the middle line thorax and abdomen. It consists of thirteen 
segmentedly arranged funnel shaped chambers. At the lateral side of each chamber 
is a pair of ostia one each side, which are guarded by valves. Through these ostia, 


heart communicates with the 
pericardinal sinus. Anteriorly, 
the heart continues into the 
head as anterior aorta which 
open into the haemocoel of 
head. Attached with each 
segment, a pair of triangular 
alary muscles is present on 
either side of the heart. 

The blood is a colourless fluid, 
made up of plasma and 
haemocytes. Since the blood 
of cockroach lacks any 


Head 
sinus 


Fig. 15.1 Circulatory system of cockroach 


respiratory pigment, it is not involved with the transportation of respiratory gases. 
It rows only for (i) the transportation of the nutrients (ii) maintains hydrostatic 
pressure and (iii) acts as a reservoir of water. The blood of cockroach circulates 
due to contribution and relaxation of the heart and the alary muscles. 


NS OF HUMAN CIRCULATORY SYSTEM 


The circulatory system consists of the following parts : 
1. Heart — the central pumping organ. 


Left anterior 
vena cavg 


Left auricle 
Pulmonary vein 


Left ventricle 


Left aortic arch 


vena cava 


Right Auricle 
Pulmonary art 


Right ventricle 


Pericardium 


Posterior vena cava 


2. Blood vessels — the connecting tubes — arteries, veins and capillaries. 


ery 


Fig. 15.2 (a) External structure of humna heart (Front view) 
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and cells. 
4. Lymphatic system comprised of lymph nodes and vessels. 
1. The human heart 
It is a muscular organ made of cardiac muscle fibres (Fig. 15.2). It is able to perform 
its function by coordination between its contraction, relaxation and opening and 
closing of a number of valves present inside the heart. This fist sized organ consists 
of 4 chambers the two upper chambers — the atria and two lower chambers — the 
ventricles. Ventricles have thick muscular walls for pumping blood to longer 
distances. Heart is covered by a membrane — the pericardium. 


Arteries carrying blood to the head 
and shoulders 


Right pulmonary artery 


Opening of pulmonary 


ena cava 
artery Left vena 


Right arterior vena cava 


Opening of arterior. 
vena cava 
Arterior vena cava 


Q Opening of pulmonary 
veins 


Right atrium 
Semilunar valves Left atrium 


. Bi ry 
Opening of posterior iscuspid valve 


vena cava 
Tricuspid valve Left ventricle 
Chamber of right ventricle Inter-ventricular septum 


Papillary muscles 


Posterior vena cava a Dorsal aorta 


Fig. 15.2 (b) Internal structure of human heart. 


(i) Valves inside the heart 

Locate the following valves in the figure 15.3 

(a) Right atrio-ventricular valve or tricuspid valve 

(b) Left atrio-ventricular valve or bicuspid valve 
Semilunar valves at the origin of aorta and pulmonary artery. 


Valves open only on one side like a door and regulate the flow of blood by opening 
on one side to let blood flow out in one direction only and prevent the back flow 
of blood. 


(ii) Heart beat and cardiac cycle 


The beating of heart goes on by itself as long as one is alive. Each heartbeat 
consists of the steps mentioned below and makes two sounds — the Lubb and the 
Dubb during each beat. 
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(a) Contraction or systole of atria is followed by relaxation or diastole. The lubb § Plants and Animals 
sound or 1% heart sound occurs due to closure of atrioventricular valves. 

(b) Contraction of ventricles followed by relaxation accompanied by the dubb 
sound or the 24 heart sound due to closure of semi lunar valves. At the 
beginning of every heart beat the four chambers of the heart are in the relaxed 
state (Joint diastole). At this stage the venae cavae pour deoxygenated bload 
into right atrium and the pulmonary vein pours oxygenated blood into left 
atrium. : 

Heart beat originates at the Sino-Atrial Node or S.A Node which is a modified: 

part of the muscular wall of the right atrium chamber (Fig. 15.3) 

Sino-Atrial Node (S.A. node) in the upper corner of right atrium resulting in the 

contraction of the atrium. As a result tricuspid valve is pushed open and 

deoxygenated blood enters right ventricle. At the same time, the bicuspid valve is 

pushed open and oxygenated blood flows into left ventricle. 

Atrio-Ventricular Node (A.V. Node) is located in the interatrial septum. As a 

result, the contracted atria begin to relax. 

Bundle of HIS lying in the interventricular septum and then to 

Purkinje Fibers lying in the walls of ventricles. As a result ventricles contract 


(Ventricular systole) 


Spread of excitation 


Vagus nerve 


Sinu 
auricular Px 


node 


ZA Auriculo. 


PRM) ventricular 
Vu node 


Purkinge system 


Auriculo 
ventricular 
bundle 
(of HIS) 


Position of the Sino-atrial and atrio-ventricular nodes and the bundle 
of HIS and conduction of impulse for heart beat. 
atrial Node initiates and regularizes the heartbeat, it is also called the 


Since Sino- 
pacemaker. The pacemaker is influenced by nerves, hormones, CO, and O, content 


of blood, heat etc. 


BIOLOGY e 


Fig. 15.3 


MODULE - 2 


Forms and Function of 
Plants and Animals 


Do You Know? 


Sometimes the S.A. (Sino-Atrial ) Node may become defective or damaged. 
A person may need to have an artificial pacemaker grafted in the chest. 

This regularizes the heartbeat. 

Electro Cardiogram (ECG) is the instrument that records the 


conduction of heartbeat . 


This helps in detecting heart disorders. 


2. Blood vessels 


The tubes transporting blood are called Blood Vessels. The wall of a blood vessel ` ; 
has three layers, tunica externa, tunica media and tunica interna. There are 3 kinds 


of blood vessels: 


G) Artery (ii) Capillaries and, (iii) Veins. These three vessels differ in structure 


and speed of blood 


flow, as shown below. 


Table 15.1 Comparison in structure and function of an artery, the 


capillary and the vein. 


Capillary 


R Artery 
Transport blood away 


from the heart. 


Tunica media thick and 
composed of elastic, 
muscular tissue. 


No semi-lunar valves. 


Pressure of blood is high 
and pulsatile. 


Blood flow rapid 


Low blood volume 


Blood oxygenated except 
in pulmonary 


Small lumen 


Tunica externa S 
%. 
9 


Tunica interna 


Vein ` 


Link arteries to veins. Site of 
exchange of material between 
blood and tissues 


No tunica media. Only tissue 
present is squamous 
endothelium. No elastic fibers 


No semi-lunar valve 


Pressure of blood falling and 
non-pulsatile. 


Blood flow slowing 
High blood yolume 


Mixed oxygenated and 
deoxygenated blood. 


uaunq R 


Endothelium 


Transport blood towards 
the heart. 


Tunica media relatively thin 
and only slightly muscular. 
Few elastic fibers. 
Semi-lunar valves at intervals 
along the length to prevent 
back flow of blood 
Pressure of blood low and 
non-pulsatile. 

Blood flow slow 

Increased blood volume 


Blood deoxygenated except 
in pulmonary vein 


Large lumen 


| q 
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Arteries divide into Arterioles and then into Capillaries. This way they come in f Plants and Animals 


contact with all the tissue and bathe the cells with Blood Plasma. Diagram 15.4 
shows the possible route that blood may. take between arteriole, capillary bed and 
venule. Venules are thin blood vessels that join to form veins. 

(i) Major Arteries and Veins ; 

Blood that has been circulated through the body has lost much of the Oy, it carried. 
This de-oxygenated blood returns to the heart by the two major veins. 

1. Superior vena cava-brings blood from head and shoulder region. 

2. Inferior vena cava-brings blood from lower parts of the body. 

These venae cavae open in the right atrium (refer to diagram 15.4) Contraction of 
right atrium forces this blood into the right ventricle. 


Heart 


Blood capillaries 


Fig. 15.4 The route that blood takes between arteriole capillary bed and venule. 
Imonary artery which transports blood 


Contraction of right ventricle pumps into pul 
lungs and returns to the left atrium 


to the lungs. Blood gets oxygenated in the 
through the pulmonary vein. 
Blood then passes from the atriu icle. 
into aorta. The aorta turns round on the left and distribute 
bo ive 
eee diagram below summarizes the path of blood through the entire “Eee 
system, It is possible to summarize the path taken by the blood Since blood passes 
twice through the heart, it is termed Double circulation. 


m into the left ventricle. Left ventricle pumps blood 
s blood throughout the 


Double circulation j : g ; 
(i) Deoxygenated blood from the body to heart and oxygenated 
to the body. 
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Circulation of Body Fluids 


In one circulation, the blood passes through the heart twice. Once from body to 
heart to lungs and second time from lungs to heart to body. 
Path of circulation 
Once from body to heart : venae cavae 
(Carry blood from tissues with very little oxygen and lot of CO,) 
to Right atrium ~ 
| 3 
Tricuspid valve open 
L 
Right ventricle 
bi, 
Pulmonary ateries 
$ 
(Carry blood to lungs to give up CO; and to collect O, from lungs) 
Pulmonary veins 
4 
(carry oxygenated blood back to heart) 
J 
Left atrium 
l 
~ Bicuspid valve 
L 
Left ventricle 
4} 
Aorta 
(carries blood with a lot of oxygen and distribution the body) 


Pulmonary artery is theʻonly artery that carries the de-oxygenated (poor 
blood in O,) blood. 


Pulmonary vein is the only yein that carries oxygenated blood (blood rich 
in O)). ; 
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Plants and Animals 
T/INTEXT QUESTIONS 15.1 7, 
1. Give one example each of animals with open and closed circulatory system. v 
(i) Open circulation .. — 
Notes 


Gi) Closed circulation 
2. Where in the heart are the following valves located? 
(i) Bicuspid 


Gi) Tricuspid 
3. Name the following ; 
G) Structure where the wave of contraction originates in heart 


(iii) Blood vessel that brings oxygenated blood from the lungs to the heart 
(iv) Deoxygenated blood from brain and shoulder region is collected and 
brought to the heart Dy .....ssssssssssssessuessnsesssssesssesssnsssnnerssssssnecesecstnneesnaees 


(ii) Components and functions of blood 

Blood is a red coloured, thick and slightly alkaline, fluid which keep circulating 

through the blood vessels in our body. Why is blood so important? It is important 

because 

1, it transports substances in the body such as Oxygen, nutrients, hormones. It also 
carries waste to the kidney. 

2. it protects body against disease. 

3. it maintains normal body temperature. 


The components of blood 
Blood is a fluid connective tissue made of plasma and blood cells. 


Blood 


Cellular Components (45%) 
Red blood Corpuscles (RBC) 
White Blood Corpuscles (WBC) 
Platelets 


Plasma 55% 
(liquid) 


Water 90% Proteins (little less 
than 10%) 


A. Plasma : y ; i 
It is a pale yellow liquid consisting of blood proteins like albumin, globulin and 
fibrinogen. 
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Functions : Plasma has the following functions :- 

Transport of products of digestion from small-intestines.to. various tissues, 
Transport of waste products from tissues to excretory organs. 

Transport of hormones from endocrine glands to target organs. 
Maintenance of temperature by distribution of heat all over the body. 
‘Provides factors for clotting of blood (Fibrinogen). 

Retention of fluids in blood (through plasma proteins). 

Maintenance of acid-base equilibrium of blood. 


CESS tC E ea let a ae 


Provides body immunity through antibodies (Immunoglobulins) which are 
made by one kind of WBC and then released into the plasma. 


Í B. Blood Cells 


The cells of blood are Red Blood Corpuscles (RBC) and White Blood Corpuscles 
(WBC) and cell fragments the Platelets. Blood cells are formed in the bone marrow. 
Their formation is termed haemopoiesis Table 15.2 gives the idea of the cellular 
components, their origin, function and structure. 


Table 15.2 Cellular components of blood 


Origin 
of cells/mm 


Component Function 


Erythrocytes Bone 5.000,000 transport of 
(Red Blood marrow s "| e oxygen to tissues and 
corpuscle a large amount of 


carbon dioxide back to 
lungs 


Leucocytes 


(White Blood 
Corpuscles) 


(a) Granulocytes 
(72% of total white 
blood cell count) 
neutrophils (70%) 


engulf bacteria 
Bone marrow 


anti-histamine 
properties 
eosinophils (1.5%) 


Produce histamine 

and heparin 
basophils (0.5%) 

(b) Agronulocytes (28% 


monocytes (4%) Bone marrow 


engulf bacteria 
(Phagcytosis) 


lymphocytes (24%) Bone marrow, 


lymphoid ‘production of 
tissue, antibodies to 
` spleen provide immunity 


Platelets initiate blood-clotting 7 
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Do you know the following blood disorders ? 


1. Increase in R.B.C (More than normal) polycythemia 
2. Decrease in R.B.C (less than normal) anaemia 

3. Increase in W.B.C.(more than normal ) LEUKEMIA 
4. Decrease in W.B.C (less than normal ) LEUKOPENIA 


Coagulation of Blood (Blood Clotting). You must have, sometime or the other, 
got a cut on your finger and seen blood flowing out of it, You would have noticed 
that after a few minutes, the blood flow stops, as the blood thickens and forms a 
lump. This lump is called-clot,-The process of thickening of blood is called 
coagulation or clotting of blood. We are lucky that the blood clots and the bleeding 
stops. If it did not, a person with a very small'wound would lose a lot of blood 
and die. When blood vessels are injured, a sequence of reactions take place to 
prevent loss of: blood. Steps involved. are as follows : 


Thromboplastin + “Prothrombin 
(from blood platelets) (Plasma protein) 
Ca**ions 
Fibrinogen his Fhrorebinsay Fibrin 
(Plasma protein) (Insoluble fibres) 


FIBRIN + R.B.C —— CLOT (Scab) 
Prevents’ blood loss 


Haemophilia = A genetic disease that results in a condition where blood 


fails to clot 


Blood group 
The blood may chemically be identified as belonging to any one of the four main 
group A, B, AB, and O. Blood types remain constant throughout lifetime as they 
are hereditary. These blood groups are due to the presence of special proteins present 
on the membrane of RBCs termed antigens. Antigens present could be A, B both 
‘A and B or no Antigen may be present at all. Blood plasma, on. the other hand, 
contains antibodies a, b, or both a and b, or neither of the two. Antigen A reacts 
with antibody b and antigen B with antibody a causing clumping of blood, 


Blood Group Antibody 
A A 


Blood transfusion 

When excessive blood is lost from the body either due to an accident, hemorrhage 
or during surgery (operation), doctors transfer blood from a healthy person (Donor) 
to the patient (Recipient). This is called Blood Transfusion. When blood transfusion 


BIOLOGY 


MODULE - 2 $ E ; Circulation of Bod 
Forms and Function of 
Plants and Animals is needed, the red cells blood selected must belong to a group which will not be 
affected by any antibody in the patient’s plasma. 


Clumping of donor’s blood (Agglutination) may take place on transfusion if the 
blood group of donor does not match with that of the recipient. Table 15.3 shows 
blood groups and possibility of their transfusion. 


Clumping is a condition where the antibodies present in the plasma of 
recipient link donor’s blood cells with each other. 


Agglutination is the process by which red blood cells clump together when 
the antigens on their surface react with complementary antibodies. 


Table 15.3 Matching of Blood Group, Safe and Unsafe 
Transfusion of Blood. 


Blood group types 
who cannot 


The above table indicates that : 


Blood 
group of 


Donor’s blood group 
Group Group Group Group 
A 


recipient 


Safe transfusion 


Group O 


Group A 
Group AB 


x 


Vv V | Dangerous transfusion 


The above table indicates that : 
1. Blood group of O type can be given to all groups. It is thus the Universal Donor. 
This is because there are no antigens in the blood of Group O. 


2. Blood groups AB can receive blood from all other groups and is thus called 
Universal Recipient. No Antibodies in the blood of Group AB, so no reaction 
with antigens of other blood groups. 


Rh Factor 


Presence or absence of another blood protein in addition of ABO antigens makes 
a person Rh* or Rh. 


Rh factor in expectant mothers can sometimes cause problems. The blood 
of an Rh* embryo whose mother is Rh” is in danger of severe clumping. 
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l Antibodies are produced in the mother against the Rh* blood cells of the 
embryo. Whenever there is even the slightest mixing of foetal blood 
| mothers blood. 


Blood Pressure 

You have already learnt that during systole, the ventricles contract and force the 
blood into the arteries, which carry it to all parts of the body. The flow of the blood 
in the arteries exerts a pressure on their elastic walls. This pressure is called blood 
pressure. 

The pressure of blood at the time of ventricular contraction is higher and is called 
systolic pressure. When ventricles are relaxed and are being filled by blood, there 
is a drop in pressure. This lower pressure is called diastolic pressure. These two 
pressures can be measured in the arteries of the arms. The device used for measuring 
blood pressure is called Sphygmomanometer. 

A reading of 120/75 means that the person’s systolic pressure is 120 mm of mercury 
and diastolic pressure is 75 mm of mercury. A typical reading for a healthy adult 
is 120 + 5/70 + 5 mm of mercury. 

The difference between diastolic and systolic pressure can be felt as a throb in 
the arteries of the wrist. This throb at the wrist is called Pulse. The number of throbs 
felt at a particular point on the wrist (due to systole) per minute is called Pulse 
Rate. It is equal to the number of heart beats i.e. around 70 beats per minute for 
a normal adult. i 


1. Name the following : 
(i) The term given to the production of Bile Md COS! obverse A E T OEE 


Gi) The three proteins present in the plasma 
(i) Savas eet (iii oasis =e aa tos ee 
Gii) Cell fragments of blood involve in the clotting of the blood 


2. Fill in the blanks 


(i) Transfer of blood from donor to recipient is called IRIE chan 


Gi) Antigen are present OM ......-..-.-++--++ and antibodies in the ........+.<+++++ 4 


(iii) People from blood group O can receive blood from blood group /groups 


(iv) Blood pressure is measured by an instrument called : 
reading for a person with normal blood pressure will be around 


MODULE - 2 


Forms and Function of 
Plants and Animals 


Notes 


BIOLOGY | 327 


MODULE 32 ais 328 : a Mage Circulation of Body Fluid 

Forms and Function of ve af 
Plants‘and Animals 4. Lymphatic system 
Our body has two kinds of circulating fluids — blood and lymph. Of these you i 
seen and felt the first (i.e. blood) in your own body, but lymph remains unnoti 
even if it oozes out at any point of injury because it is colourless. 


This system consists of a series of branching vessels and a collection of lymph 
organs. Let us understand. A continuous exchange of materials between the blo 
capillary and the intercellular fluid (fluid present between cells of tissues) goes 
Some important components like proteins etc. that could not be returned back 
blood capillaries from intercellular fluid, are taken up by the lymph capillaries’ 
lymph and drained into veins in the lower neck portion of the pay Lymph shou 
be regarded as modified tissue fluid. —. BESC 


The clear, colourless liquid moving out of the capillary wall is called Lymph. Lym 
comes in to direct contact with body bai Eig: 15.5) Ve 


Plasma diffuses out through 
the capillary walls 


Secretion of cells Cc) 
Excreted into a duct í 


Used and excess fluid 
drains into lymph 
vessels 


Fig. 15.5 Capillaries and lymph vessel 
(a) Functions of lymph ug 
(i) Supplies nutrition and oxygen to those parts where blood cannot rea 


(ii) Drains away, excess tissue fluid from extra-cellular spaces back into 
blood. 


(iii) Absorbs and transports fats absorbed from small intestine 
(iv) Collects nitrogenous waste 


(v) Lymphocytes and antibodies present in lymph help in removing bacteria — 
(b) Differences between blood and lymph 
Blood differs from lymph in a number of ways as shown in table 15.4 


MODULE - 2 


Forms and Function of 


Circulation of Body Fluids 


Table 15.4 Differences between Blood and Lymph Plants and Animals 
Blood 
1. Red in colour due to presence of 1. Colour less fluid 
haemoglobin 
2. Flows rapidly 2. Flow is very slow 
3. Contains RBC, WBC, Platelets and 3. Contains plasma and WBC 
Plasma 
4. Route of blood flow 4. Route of lymph flow 
Heart l Tissue Spaces 
L a 
Arteries Lymph Capillaries ~ 
ij 4 i 4 
Capillaries Lymph Vessels 
4 
Veins Subclavian Vein 
L 
Heart Heart 


The clear, colourless fluid that collects in a blister to provide protection 
to the underlying tissue is lymph. 


The lymphatic system consists of a large number of lymph ducts, lymph nodes 
and lymph vessels (Fig. 15.6). It lacks a pumping mechanism. Fluid is pushed by 


muscle movement. 
The lymph nodes are scattered throughout the body. They are more concentrated 


in the neck, armpits and groins 


R. Lymphatic duct , Lymphatic System 
: + s, 


Thoracic duct 


Fig. 15.6 Lymph vessels and lymph glands 


Lymph nodes any 
Each node is a clump of tissue housing a number of lymphocytes. These nodes act 


as filters for bacteria, viral particles and cancerous cells. These resident lymphocytes 
then immediately attack the disease causing germs or pathogens. 


BIOLOGY 


MODULE - 2 


Forms and Function of 
Plants and Animals 


The spleen and tonsils are lymphoid organs. 


Spleen 
It is the largest lymphoid organ and has the following functions 
(i) Haemopoiesis — Formation of Blood cells in the foetus 


(ii) Destruction of old and worn out blood cells and hence termed as ‘grave 
yard’ of RBC. 


Gii) _ Blood reservoir 


(iv) Defensive action by engulfing bacteria 


15.5 IMMUNITY 
The body’s ability to resist or protect itself from the harmful effects of disease 
producing substance or organisms is called Immunity. 

Any substance that causes this type of response in the body is known as antigen. 
Antigen may be bacteria, viruses, or allergens (such as pollen grains) 

Antigens enable the body to protect itself with the help of antibodies produced by 
lymphocytes (WBC) 

Immunity could be natural or acquired. Natural immunity is by birth. Acquired 
immunity develops during lifetime. It develops due to exposure to a disease or by 
vaccination. 

Acquired immunity is of two types 

(a) Active Immunity : Develops during exposure to disease causing germ. The 
body produces antibodies that remain in the blood to prevent further infection 
by that particular pathogen or disease causing organism. Vaccine containing 
weakened germs are administeréd to provide active immunity e.g DPT vaccine 
given for developing i immunity against diphtheria, pertusis (whooping cough) 
and tetanus and BCG vaccine given for immunity against tuberculosis 
People also develop immunity against chicken pox, small pox and measles after 


suffering from these disease. This form of immunity is usually a life long 
immunity 


(b) Passive Immunity : This form of immunity is shortlived. It is developed by 
injecting readymade antibodies (collected from other animals). Anti tetanus 
serum (ATS vaccine) provides temporary immunity against tetanus. 

A vaccine is a sample of an antigen, too small to cause a disease, but enough 
to produce antibodies. Vaccines have been developed for a number of diseases 
like polio, mumps, measles, tetanus, diphtheria, cholera, etc. 

Cells Of Immune System 


Lymphocytes are cells of the immune system. There are two major type of 
lymphocytes, T-cells and B-cells, both develop in the Bone Marrow. 
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T-Cells 
1. Mature in thymus glands ~ 


B-Cells 
Mature in lymphoid tissues like tonsils 


and appendix 


No 


. T-cells identify antigens Recognise antigen with the help of 
and destroy them 


3. Attack directly 


surface receptors 
Produce a large number of antibodies 
for attack 


4. Life span is upto 3-4 years Anitbodies are short lived 


A person may lack T-cells or B-cells, or both. Such-persons,are highly prone to 
infections e : k 


Immuno Deficiency Disorders 


Hereditary, congenital (by birth) or acquired defects in immune response 
are called Immuno Deficiency Disorders. 


SCID and AIDS are two common examples of such disorders. 
SCID (Severe Combined Immuno-Deficiency Syndrome) is caused due to the 
absence of both T-cells and B-cells. This defect is present by birth. 


AIDS (Acquired Immuno Deficiency Syndrome) causes considerable reduction in 
T-cells and ultimate destruction of the Immune System. It is caused by HIV (Human 
Immuno Virus). 


You should know 
AIDS ‘may be caused by 
1. Sexual contact with a person infected with HIV 
2. Blood transfusion from HIV infected person 
3. Sharing of contaminated needles with HIV sufferers or Drug addicts 
4. From infected mother to foetus through the placenta 


15.6 DISORDERS RELATED TO BLOOD AND HEART 
You must have heard of people suffering from high blood pressure. In these people, 
the blood pressure is more than the normal (120/75). The state of having high blood 
pressure is called hypertension. Hypertension is usually related to stress, overweight, 
age or faulty diet. 

Other heart related disorders are atherosclerosis and arteriosclerosis. Sometimes, 
especially if too much of fatty food is taken over a long period, there is a tendency 
for fat to deposit on the inner wall of the arteries. Such a deposit is called atheroma: 
and the disorder atherosclerosis. This narrows the lumen of the arteries supplying | 
the heart and consequently interfere in the functioning of the heart. 

Also with age the wall of the arteries harden and lose their flexibility. Further, there 
may be deposits on the inner side of the walls of the arteries supplying the heart. 
This condition is arteriosclerosis and interferes with normal functioning of the 
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Plants and Animals heart. To remedy the situation, the lumen of the arteries to the heart to be widened 
by placing a small piece of tube (stent). This is ballooning angioplasty. Sometimes 
the artery may have to be replaced and this treatment is called ‘heart by-pass’, 


ECG 

Electrocardiograph is a machine which can record the heartbeat like a graph which 
is called eletrocardio gram (ECG). From the ECG, the doctor can make out which 
chamber of the heart is not contracting or relaxing properly and suggest treatment 
accordingly. 


- Cireulation of Body Fluids 


INTEXT QUESTIONS 15.3 


1. Fill in the blanks : 


(i) The clear colourless liquid flowing out of the blood capillary walls is 


calen 2 re oe he 
Gi) Lymphatic system consists of .................. lymph nodes and 
(iii), A numberof asss ccc are present in lymph nodes and attack 
bacteria 


2. Give one example of lymphoid organ in SATE KTOS bas o EA el E: 
3. Give two examples of Immuno Deficiency Syndrome oe an TA 
4. Name the two kinds of lymphocytes of your immune system -.. 1...1.. 
5. Name two heart related disorders 


CMe cic. eR, E GE) Sete aoa E rn E a. 


@ Circulatory system is of two kinds: closed and open type. 


e Circulatory system consists of muscular pump (heart), tube like vessels (blood 
vessels) and circulating fluids (blood, lymph). 


@ Blood helps in transport of gases, collection of wastes, maintenance of body 
temperature and protection from diseases etc. 


@ Wave of contraction in the heart is conducted from S.A. node of A.V. node to 
bundle of HIS, to purkinje fibers. 
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Blood vessels are arteries, capillaries and veins 


Superior and inferior venae cave bring deoxygenated blood to heart. Pulmonary 
vein brings pure (oxygenated) blood to the heart and arota supplies it to the 
body. 


Production of blood is called haemopoiesis which takes place in the bone 
marrow 


Blood consists of plasma and cell components RBC, WBC and Platelets 


In the A, B, O Blood group system, a person with blood group O is a universal 
donor and person with blood group AB is universal recipient. 


Rh factor is important in matching blood groups for transfusion as well as in the case 
of expectant mothers. 


Normal blood pressure for healthy person is 120 + 5/75 +5 mm of mercury and 
is measured by Sphygmomanometer. 


The colourless fluid moving out of capillary wall is called lymph 


Spleen an tonsils are examples of lymphoid organs and house lymphocytes (T-cells 
and B-cells) 


Body’s ability to protect itself from harmful substances is called immunity 


Oi rersinacexercs | 


i 


Give one function of each of the following : 
fi) RBC. 
(ü) Platelets 
(iti) Plasma 
With the help of a flow chart describe the steps involved in the coagulation of blood 
Why is a person with blood group AB called universal recipient? 


Differentiate between the systolic and diastolic pressures. What are the values of these 
pressures for a normal human adult? 


Give three differences between lymph and blood. 
Whaat is immunity? Differentiate between active and passive immunity. 
What are (i) hypertension and (ii) atherosclerosis? 


What is an ECG and what is its function? 
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1. Name the following 


: Circulation. of Body. Fluids 


(T QUESTIONS: 


(i) Prawn, insects ete 
(i) Vertebrates like human, fish, birds 


2. (i) Between left atrium and left ventricle 
(i) Between right atrium and right ventricle 
_ 3. (i) Sino-atrial node (ii) capillaries (iii) pulmonary vein 
4. Superior vena cava 
15,2 1. @ | Haemopoiesis 
(i) | Ablumin, globulin and fibrinogen 
(ii) Platelets 
2. (i) Blood transfusion 
(i) Cell membrane of RBC; plasma 
(ii) Only from blood group O 
(iv) Sphygmomanometer, 120 + 5/75 + 5 mercury 
15.3 1. @ Lymph 
Gi) Lymph ducts and lymph vessels 
(ii) Lymphocytes 
Spleen or tonsils 
SCID and AIDS 


T-cells, B-cells 


Hypertension, atherosclerosis, arteriosclerosis (any 2) 


ieee te 
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COORDINATION AND CONTROL : THE 
NERVOUS AND ENDOCRINE SYSTEMS 


Every organism performs movements and a number of other tasks for its surviyal. 
Besides, several other actions are continuously occurring inside the body that need 
to be properly timed and coordinated. All this is the outcome of two organ systems 
— the nervous and the endocrine (hormonal) systems. 


J [OBJECTIVES 

After completing this lesson, you will be able to : 

e describe the functions of the nervous system and list its subdivisions; , 

list, draw and label the major parts of the brain and spinal cord and explain 
their functions; 

è explain the structure of a neuron, a nerve and describe the conduction of 
impulse through a nerve fibre and across the synapse; 
define reflex action and draw the components of the reflex arc; 
list various sensory receptors in human body and describe the structure and 
functioning of the sense organs—eye, ear, Nose, tongue and skin; 
distinguish between exocrine and endocrine glands; 
list various endocrine glands and locate their position in human body; 
identify properties of hormones and mention their nature and manner of 
functioning; 
differentiate between hormones and pheromones; 

® name the various hormones secreted by pituitary, thyroid, parathyroid, thymus, 
adrenals, pancreas and reproductive organs in humans and mention their 
Junctions; l x i 
rélate the hormonal imbalance with hormone ‘related disorders in humans; 
state the effects: of over functioning (hyperactivity) and. hypoactivity 
(underfunctioning) of pituitary and thyroid; SATE 

® explain the feedback mechanism of hormenal control, , 
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16.1 FUNCTIONS OF THE NERVOUS SYSTEM 
The major functions of the nervous system in humans are as follows: 


(i) It keeps us informed about the outside world through the sense organs. 


(ii) It enables us to remember, think and to reason out. 


Gii) It controls all voluntary muscular activities like running, speaking ete, 


(iv) Itregulates several involuntary activities such as breathin g, beating of the 
heart, movement of food through the food canal, etc, 


Thus, the nervous system makes our body parts work together in proper coordination, 
as one single integrated unit. 


Se 


Some basic terms 


Before you learn about the various aspects of the nervous system, get familiar with 
è 4 


the following related terms. j 


Stimulus : an agent or a sudden change of the external or the internal environment . 
that results in a change in the activities of the organism. 


Impulse : a wave of electrical disturbance that travels aceross the nerve cell and 
its fibre. 


Response : a change in the activity of the organism caused due to stimulus. 


Receptors : The nerve cells which on receiving the stimulus, set up wave of . 
impulses towards the central nervous system (brain and spinal cord). 


Effectors : muscles or glands, which on receiving the impulse from the brain or 
spinal cord contract or secrete substances. 


Nerve : A bundle of axons (nerve fibres) of separate neurons connecting the central 
nervous system with other parts of the body. 


Sensory (afferent) nerve or the cell : bringing the impulse from, the receptor 
(sensory organ) to the main nervous system. 


Motor (efferent) nerve or the cell : Carrying the impulse from the main nervous 
system towards a muscle or a gland. 


16.2 TWO MAJOR DIVISIONS OF THE NERVOUS SYSTE 
(a) Central Nervous System (CNS), consisting of brain and spinal cord. It is the 

site of information processing (receiving information and responding to it). 
(b) Peripheral Nervous System ( PNS), consisting of all the nerves entering and 
leaving the brain and the spinal’cord, 


Further division of these ‘two components is shown in Figs’ 16:1) 


Nervous system 
Central Nervous System Peripheral Nervous System 
3 l 
Brain Spinal cord ` Afferent pathway Efferent pathways 
Sensory nerves Motor nerves 
(bring information to CNS) (Send information away from 
CNS to other parts) 
Somati Automatic nervous 
omatic pon z 
Most cranial nerves) (nnervates involuntary 
Convey message to voluntary muscles effectors) 
Sympathetic Parasympathetic 
(Stimulatory) (Calming) 


Fig 16.1 The basic components of nervous system 


16.3 THE BRAIN 
The brain is a very delicate organ lodged inside the cranium of the skull (Fig. 16.2a) 
It is protected by three cdverings, the meninges (meninx: membrane): an outer 
tough duramater (dura: tough; mater: mother), a thin delicate web-like middle 
arachnoid (arachne: spider), and the innermost highly vascular piamater (pia: 
tender) richly supplied with blood vessels. The space between the membranes is 
filled with a fluid called cerebrospinal fluid. There are cavities inside the brain, 
which are also filled with the same fluid. 

The brain consists of three main regions: 

(i) forebrain consisting of cerebrum and diencephalon, 

Gi) midbrain a small tubular part between the fore and the hindbrain, 


(iii) hindbrain consists of cerebellum, pons, and medulla oblongata. 


The individual parts of the brain are described below: 


(a) Cerebrum. This is the largest part of the brain, divided into two (the right and 
the left) parts called cerebral hemispheres. Their outer surface is highly 
convoluted with ridges and grooves. Each hemisphere is hollow internally and 
the walls have two (an inner and an outer) regions. The outer region (cerebral 
cortex) contains cell bodies of the nerve cells and being grayish in colour it 
is called gray matter. The inner region is composed of whitish axon fibres and 
is called the white matter. Corpus callosum is a sheet of cris-cross nerve fibres 
connecting the two cerebral hemispheres (Fig. 16.2b). Left side of the cerebrum 
controls the right side of the body and vice-versa. : 
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Vertebrae cut through 
Fig. 16.2 (a) Brain lodged inside cranium 


Cerebral 


Pineal Bod: 
Hemisphere ` y 


Mid Brain  Medulja  Cerebēllum 
Oblongata 


Fig. 16.2 (b) brain in median section, 
The cerebral cortex has three main functions: 


(i) It controls and initiates voluntary muscle contractions. 


(ii) It receives and processes information form the sense organs, like 
eyes, ear, nose etc. 


(iii) It carries out mental activities of thinking, reasoning, planning, memorizing 
etc. 


(b) Diencephalon. This is the part of the forebrain lying below the cerebrum. It 
consists of the following two parts; 


l. Thalamus. This is an egg shaped mass of gray matter, located in the 
centre below the cerebrum. It is the relay centre for sensory impulses (e-8- 
pain and pleasure) going to the cerebrum. 


2. Hypothalamus. This is a region of the brain located below thalamus. It 
controls motivated behavior such as eating, drinking and sex. It controls 


BIOLOGY 


MODULE - 2 


Forms and Function of 
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regulation centre of body temperature and body fluids (see lesson 17). 


Coordination and Control : The Neryous and Endocrine Systems - 


(c) Cerebellum. The cerebellum is a smaller region of the brain located at the base 
and under the cerebrum. It has numerous furrows instead of convolutions. It 
also has a cortex of gray matter. Its two main functions are. Notes 


(i) to maintain the balance of the body, and 
(ii) to coordinate muscular activities, 


(d) Medulla oblongata. This is the last part of the brain, which is connected to 
the spinal cord. Its functions are as follows: 


(i) It is the cente for breathing, coughing, swallowing, etc. 


(ii) It controls heartbeat, the movement of alimentary canal and many other 
involuntary actions. 


In all, 12 pairs of nerves (cranial nerves) come out of the brain, some of these 
are sensory, somé motor and some are of mixed type. 


16.4 THE SPINAL CORD 
The spinal cord extends form the medulla of the brain downward almost the whole 
length of the backbone. It is also wrapped in the same three meninges as the brain 
and the space between them contains the same cerebrospinal fluid. The arrangement 
of the white and gray mater is reversed in it i.e. white matter is outside and the 


gray matter inside. 

Fig. 16.6 shows the general structure of the spinal cord as seen in its cross section. 
It also shows the manner in which the spinal nerves originate from it. 

Functions of spinal cord. 

(i) Carry out reflexes below the neck, 


(ii) Conducts sensory impulses from the skin and muscles to the brain, 


(iii) Conducts motor responses from the brain to the trunk and limbs. 


OB snes 


|. Name the main parts of the brain. 
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(ii) Medulla oblongata... 


(Gini) Va MR EDR TEN TES See ig eet a A ee ee 
3. What are the 


E 


(ii) white matter made of? ...... T RA A 


4. Name the fluid in the cavities of the brain. 


16.5 PERIPHERAL NERVOUS SYST 


The peripheral nervous system consists of all nerves arising from the brain and the 
spinal cord. Overall, it consists of two kinds of pathways: the afferent (receiving) 
sensory pathways and efferent (carrying aways) motor pathways. 


$ A. The afferent (receiving/sensory) pathways are included in two kinds of 
nerves. r 


i @ Purely sensory nerves, for example the cranial nerves received from the 
ey Sa 3 eyes, ears, nose, etc. 


@ Mixed cranial nerves like the fifth (facial nerve ) which contains sensory 
fibres bringing sensations from the face but it also contains motor fibres 
which carry impulses away to the jaw muscles. 


B. The efferent (sending) pathway may be subdivided into somatic and autonomic 
nervous systems. 


(i) The somatic nervous system controls the voluntary muscles. It includes 
most cranial nerves as well as the motor nerve fibres of the spinal 


nerves. Both these convey message from the CNS to the voluntary 
muscles. 


(ii) Autonomic nervous system (ANS). This innervates the involuntary 
muscles and the glands. It consists of a pair of chains of ganglia and nerves 
on either sides of the backbone (Fig. 16.3) This system is essentially 4 
motor system, which regulates the involuntary actions of the internal 
organs. It consists of two parts: (a) Sympathetic nervous system and (b) 
parasympathetic nervous system. (Fig. 16.3). 


_  —- a ae 


Lacrimal gland 
Salivary gland 
Heat 9% *% 


Lungs 


Stomach duodenum 
pancreas 


at 


LUNN 


Adrenal gland 


Colon 


RRS AAR 


Urinary Bladder 


Gonads and 
sex organs 


Fig. 16.3 Autonomic nervous system - sympathetic and parasympathetic 
Sympathetic nervous system prepares the body for facing emergency 
situations and the parasympathetic nervous system reestablishes the normal 
conditions once the emergency is over. 

The opposite effects of the two subdivisions of the autonomic nervous system on 
the different organs are listed below in the table 16.1. 
Table 16.1 Effects of autonomic nervous system 


Effect of Sympa- 


thetic Activity 


Effect of Parasympa- 


Organ 
thetic activity 


l. Eye pupil Dilated Constricted 
2. Heart beat Speeded up Slowed down 
3. Blood vessels 

a. on skin Constricted Dilated 

b. on muscles Dilated No effect 
4. Bronchioles Dilated Constricted 


Muscles contract 
(feeling of urination) 


5. Urinary bladder Muscles relaxed 


Sphincter relaxed 
No effect 


Sphincter contracted 


6. Sweat secretion Increased 
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Plants and Animals 7. Blood sugar Increased No effect 
Salivary secretion Stops Increased 
9. Tear glands Activated Slowed down 
10. Erector muscles of | Stimulated (hair Relaxed (hair flattened) 
skin hair raised) 
11. Adrenal glands Increased secretion of No effect 
Adrenalin 
12. Intestine Peristalsis decreased Peristalsis increased 
13. Stomach glands Decreased secretion Increased secretion 


The autonomic nervous system is strongly influenced by emotions such as 
grief, anger, fear, sexual stimulation, etc. 


1. What are the two subdivisions of the autonomic nervous system? 


2. Name the specific subdivisions of the autonomic nervous system concerned 
with the following: 


(i) Slowing down heart beat ............... 


Gi) Increasing salivary secretion ~... 


(iii) Dilatation of the pupil ... 


(iv) Increasing intestinal peristalsis 


(v) Muscle contraction of the urinary bladder giving the feeling the need for 
urination. 


sa! 
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16.6 NEURON - THE STRUCTURAL AND FUNCTIONAL UNIT OF 
NERVOUS SYSTEM (FIG. 16.4) 


You have already studied about the nerve cell, This is to refresh your memory for 
relating the structure of the neuron with the conduction of nerve impulse. 


© The cell body (perikaryon) contains nucleus and cell organelles in the 
cytoplasm. 
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e Dendrites (short branching processes) extend out from the cell body. They bring § Plants and Animals 


signals (impulses) from the receptor or from the axon endings of another neuron. 
There may be as many as 200 dendrites in a single neuron allowing as many 
connections with the axon endings. of other neurons. 


o A long nerve fibre or axon carries the impulse from the cell body towards | "Notes ~~ 
its terminal branches which may either pass on the impulse to another neuron, 
or into a muscle or gland to bring about the required action. Synapse is the point 
of communication between one nerve cell and another or between nerve cell 
and a muscle. 


e A sheath of fatty material (myelin) often covers the axon, and such nerve fibres 
are called medullated or myelinated fibres. 


Nucleus 


Nucleus 


Medullary sheath 
Node of Ranvier 


Fig. 16.4 The nerve cell 
PULSE ALONG THE NEURON AND 


16.7 CONDUCTION OF NERVE IM 
OVER THE SYNAPSE 


The conduction of nerve impulse through the nerve fibre is electrical in nature and 


the one through the synapse is chemical in nature. 
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A. Along the neuron-Electrical Signalling 

The transmission (moving from one end to another) of the nerve impulse through 
the nerve fibre is electrochemical. It is not simply a flow of electrons through an 
electric wire but it travels as a wave of depolarization (Fig. 16.5). 


In normal resting condition the outside of the nerve fibre carries positive (+) charge. 
In this condition nerve fibre is said to be polarized. The polarization is due to the 
presence of more Na* ions outside the cell membrane. Such state is maintained 
due to the sodium ions being continuously pumped out by means of the sodium 
potassium pump and operated by active transport using ATP for energy. 


Sodium potassium pump is a carrier protein on the plasma membrane 
which transports sodium and potassium ions across the membrane. Normally 
ions move from the region of their high concentration to the region of their 
low concentration. 


The changes when a stimulus arrives at the nerve fibre are as follows: 


@ The axon membrane at that spot becomes more permeable to Na* ions, which 
move inward and bring about depolarization on that spot. 


© This point of depolarization itself becomes the stimulus for the adjoining area 
of the membrane, which in turn becomes depolarized. 


@ Meanwhile the previous area becomes tepolarized due to active movement of 
the sodium ions to the outside of the membrane by means of what is called 
‘sodium pump’. 


@ And now the fibre is ready for the next wave of depolarization. 


Thus a nerve impulse is a self- propagating wave of depolarization and repolarization 


Direction of nerve impulse 
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! 
Fig. 16.5 Conduction of nerve impulse. 
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B. Over the Synapse — Chemical Signalling 

The impulse travelling through a nerve fibre may reach either its destination. 

(muscle or gland) for action or the dendrites of another neuron for further 

transmission. The meeting place is called synapse. The transmission over a synapse 

is a chemical process. As the impulse reaches the terminal end of the axon, the 

following events occur : 

— a chemical acetylcholine is released by the end of the axon. 

- acetylcholine stimulates the next neuron to start the new impulse. 

~ acteylcholine is soon broken down there to make the synapse ready for the next 

transmission. 

In case the axon endings are branched and in contact with the dendrites of other 

neurons the impulse will travel through all of them. 

‘All or none’ principle. If the stimulus is strong enough (with a minimum 

threshold) to produce the impulse, the impulse will set up and travel at its own 
. speed. Threshold is the minimum strength of a stimulus that can initiate an impulse. 

Increasing the intensity of the stimulus cannot raise the speed of transmission. 


16.8 REFLEX ACTION 


about by a stimulus. For example, 

@ You instantaneously withdraw your hand on accidentally touching a hot plate 
or a sharp thorn. 

® Watering (salivation ) of the mouth takes place on seeing or just smelling a 
familiar tasty food. 

Two types of reflexes — simple and conditioned 


The two examples of reflex action given above are basically different. The first 
one is inborn or natural, which did not require previous learning. Such reflexes are 
called simple reflexes. 

The other example is the outcome of repeated experience. Here the brain actually 
remembers the taste of food and works in an unconscious manner- such reflexes 


are called conditioned reflexes. 
Some other examples of reflexes are as follows: 


(A) Simple Reflex i 
Quick closing of eyelids on noticing an object suddenly approaching the eye. 


Coughing when the food swallowed enters the windpipe instead of the food 
pipe. 

® Narrowing of the eye pupil in strong light. 

® If the foot of sleeping person is tickled, it is jerked away. 

(B) Conditioned Reflexes 

® Applying brakes in your vehicle (car or bicycle) on noticing someone suddenly 
coming in front of it. 

BIOLOGY 
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: putting the left lace over the right or the vice versa. 
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A dog runs away if it notices you kneeling down as if you are picking up a stone 
for striking. 


e Standing up on seeing the teacher entering the classroom. 


Mechanism of Reflex Action 

Some reflexes are brought about through the brain (cerebral reflexes) such as the closing 
of the eyelids due to approaching objects while other are brought about through the spinal 
cord (spinal reflexes). The pathway in a simple spinal reflex action is represented in the 
diagram below (Fig.16.6). 


White matter Spinal cord Receptor (skin) 
d reag 


Dorsal root Dorsal ganglion 


Effector (Muscle) 


Spinal nerve 


Gray matter Ventral root 


Fig. 16.6 Nerve pathways in a simple reflex action 
In this, there are five necessary parts: 


The stimulus (prick, heat etc.) + receptor in the sensory organ — the afferent 
(sensory) nerve fibre running through the dorsal root of the spinal nerve bringing 
the impulse into the spinal cord — a (motor) neuron sending out the command 
through its efferent fibre in the ventral root of the spinal nerve —> a muscle of the 
gland. 


Mostly there occur an intermediate neuron between the axon ending of the afferent 
fibre and the motor neuron inside the spinal cord. 


Q 


|. Given below are a few examples of reflexes. Write against each, the category of reflex, 
whether simple or conditioned. 


INTEXT QUESTIONS 16.3 
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Gi) Salivation on seeing a favorite dish 


(ii) Tying of shoe laces while talking 


(iv) Closing of eyelids if a strong beam of light is flashed across ......::.....:0000++: 


(vi) Mistaking a coiled rope as snake if you happen to step on it in darkness 


16.9 SENSORY RECEPTORS (THE SENSE ORGANS) 
Sense organs are the organs through which we sense or detect changes in the external 
environment. Each sense organ has special sensory cells, which receive the stimuli and 
transmit the impulses produced through the concerned nerve to the brain or the spinal 
cord. The brain sorts out the impulses, interprets them and transmits message for the 
required response. In human there are typically five sense receptors, eyes for seeing, ears 
for hearing, nose for smelling, tongue for taste and skin for sensing touch, pain, heat, 
etc. 


16.9.1 The Eye (the sense of vision) 

The eye is nearly spherical in shape, bulging a little in front, and is able to rotate 

freely in the bony socket. It is a hollow ball containing several structures inside 

(Fig.16.7). ; 

The wall of the eyeball is made up of three layers: the sclera, choroid and retina. 

© Sclera is the outermost tough white layer. In front it is continued as the transparent 
cornea. 

@ Choroid is the middle layer. It is composed of connective tissue having a dense 
network of blood vessels. Its inner surface is dark brown or black. This prevents 
reflection, which would otherwise interfere with the clarity of the image. 


Eye muscle 


Iris 

Aqueous Humour 
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Cornea 


Optic nerve 


Vitreous Humour 


Fig. 16.7 Vertical section of the eye 


MODULE - 2 


Forms and Function of 
Plants and Animals 


BIOLOGY 


MODULE - 2 ‘ordination and Control: The Nervous and Endocrine Systen 
Forms and Function of i 
Plants and Animals e Retina is the innermost sensitive layer. It contains two kinds of sensory cells-th 


rods (sensitive to dim light) and cones (sensitive to bright light and colours). 

e Yellow spot lying at the visual axis is the place of best vision in the normal eye, 
It contains maximum number of sensory cells and particularly the cone. The rest 
of the retina has fewer cones and more rods. 

è Blind spot is the point where the nerve fibres (axons) from all the sensitive 
of the retina converge to form the optic nerve which connects the eye to the b in. 
There are no sensory cells at the blind spot and any image formed here i 
perceived. 


The parts of the eye 

Internally the eye is divided into two main chambers separated by the lens. 

e Aqueous chamber is the front part containing a watery fluid (aqueous hum 
and vitreous chamber is the back part containing a thick jelly like glassy subs 
(vitreous humour, vitro : glass). The aqueous humour keeps the Jens moist an 
protects it from physical shocks. The vitreous humour helps in maintaining the sl 
of the eyeball and protects the retina. 

@ Thelensis biconvex in shape and semi-solid. It is composed of soft gelatinous tissue 
It is held in position by suspensory ligament, which attaches it to the muscular cilia 
body. The shape of the lens is influenced by the amount of tension in the suspe! 
ligament. 

@ Iris is a sort of circular curtain in front of the lens. It is black, brown or blu 
The colour of the eye is the colour of its iris. It contains two kinds of musele 
circular muscles for narrowing the pupil, and radiating muscles for dilati 
it. The size of the pupil is adjusted involuntarily to control the amount of lig 
entering the eye. Can you think of the situations when the pupil gets narrower an 
when it becomes wider? 


How Do We See fl 


e Transmission of light : Reflected light rays from the object enter the eyes throu 
the transparent structures of the eye i.e. conjucativa, cornea, aqueous humour, lem 
and vitreous humour. 


and the lens bends them further to form an image on the retina. 
è Nature of image. The image is inverted and real. 

Production of nerve impulse and its transmission. The light energy of the 

image produces chemical changes in the sensory cells (rods and cones). Thes 

changes produce nerve impulses, which travel through the optic. nerve and reac 

the brain. a 
e Perception. The brain interprets the image in many ways; e.g. it sees the objet 
vertical although the actual image formed is inverted. J 
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e Accomodation (focusing). Focusing the image on retina is called § Plants and Animals 
accommodation. Changing the curvature of the elastic lens brings about the 
accommodation. 


ination and Control: The Nervous and Endocrine 


For distant vision : The lens is more flattened or thinner; this is the 
normal condition of the lens, which is kept stretched by the suspensory Notes mena 
ligaments. 
— For near vision : The ciliary muscles which are circular, contract and tend 
to reduce the circumference of the eyeball there. This releases the tension on 
the suspensory ligament and the lens becomes thicker (more rans on 
account of its own elasticity. 


A normal eye is constantly accommodating while walking, playing or just 
looking around. i 


e Binocular vision. In all primates including humians, both eyes are placed forward. 
Each eye views at a slightly different angle. The images from the two eyes are 
perceived overlapped inside the brain giving the impression of depth (3-dimensional/ 
stereoscopic vision). 


Three Common defects of the eye 

1. Near sightedness (Myopia). Nearby objects are clearly seen but not the distant 
ones by those suffering from myopia because the image of the object is formed 
in front of the retina. This can be corrected by using concave lens (worn in 
frames (spectacles) or as-contact lenses). ; 

Long sightedness (Hypermetropia). Distant objects are clearly seen but not 
the nearby because the image of the object is formed behind the retina. This 
can be corrected by convex lens (worn in frames as spectacles or as contact 


N 


lenses). 
3. Cataract (opacity of the lens). The lens usually loses its transparency and turns 
opaque with age. Such a lens can be surgically removed and either replaced 


by an intra-ocular lens or by simply using suitable glasses. 


A a 


State the function of the following parts of the eye: 
(i) 
(ii) 
(iti) 
(iv) 
(v) 
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(@ Area of sharp vision in the eye 
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(ii) The kind of lens used for correcting near-sightedness.......... 
(ii) The condition in which the lens of the eye turns opaque 


(iv) The capacity of eye to focus objects at different distances ............c.se0sss08 


16.9.2 The Ear-Sense of Hearing and Balance 


The ear serves two sensory functions: hearing and maintenance of body balance. The 
ear has three main parts — external ear, middle ear, and internal ear (Fi g. 16.8) 


Pinna 


Semicircular canals 


Fig. 16.8 The human ear. 

The external ear consists of the following : 

= an outwardly projecting ear to be called pinna supported by cartilage. It directs the 
sound waves inwards. 

— The auditory canal through which the sound waves travel up to the ear drum 
(tympanic membrane) 

The middle ear consists of the following: 

e An air-filled tympanic cavity 

© The tympanum or ear drum 

© Three tiny bones-malleus (hammer) connected to the ear drum, incus (anvil) 
in between and stapes (stirrup) forming a contact with the oval window of the 
internal ear. 

© Eustachian tube connects the tympanic cavity with pharynx. It equalizes the 
pressure on both sides of the eardrum or tympanum : 

The internal ear contains two main parts: 

(a) Cochlea - It is a long coiled structure which looks like the coils of the shell 
of a snail. It has two and a half turns. The inner winding cavity of the cochlea 
is divided into three parallel tubes of canals separated by membranes. The canals 
are filled with a fluid called endolymph. The middle canal possesses sensory 


j J cells (organ of corti) for hearing. 
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(b) Vestibule — is concerned with physical balance of the body. It consists of three Plants and Animals 
semicircular canals arranged at right angles to each other and a part joining 
the cochlea and differentiated into a utriculus and a sacculus. One end of each 
semicircular canal is widened to form an ampulla, which contains sensory cells, 
and the nerve fibres from them continue into auditory nerve. 


Mechanism of hearing Notes 


— The sound waves enter the auditory canal and cause the eardrum to vibrate 
The vibrations of the eardrum are transferred to malleus, to incus, and then to 
stapes. Stapes transfers the vibrations through oval window into the cochlea. 

— These vibrations move the fluid in the cochlea. The organ of corti catches the 
movement of the fluid and transfers it to the auditory nerve that carries the 
impulses to the brain 


Perception of body balance 

Static balance due to gravity — Any bending or change in the body posture causes 
the fluid inside the semicircular canals to move. The semi circular canals are 
arranged in different planes. The sensory hairs in the ampulla of the canal pick up 
these movements and the impulses are transmitted through the auditory nerve. 
Balance during motion — Utriculus and sacculus perceive dynamic equilibrium 
(while the body is in motion). Fine particles of calcium carbonate present in the 
endolymph press on the sensory hairs whenever the body is in some motion. The 
impulses are carried through the auditory nerve. 


16.9.3 Tongue and Nose (Sense of taste and smell) 

The tongue perceives the taste and the nose perceives the smell. The perception 
depend upon the nature of chemical substance coming in contact with the sensory 
cells. For taste there is a direct contact of the substance with the sensory cells located 
in the taste buds on the tongue. For smell, the molecules of the chemical are carried 
inward by the air inhaled and they stimulate the sensory epithelium of the nose. 


16.9.4 Skin (Touch and some other miscellaneous senses) 

There are a variety of nerve endings in the skin. Some of these are concerned with 
touch (gentle pressure), some with deep pressure and others with cold, heat and 
pain. 

The sense of hunger is due to receptors in the stomach wall. The sense of thirst 
is due to stimulation of nerves in the pharynx. And the sense of fatigue is located 


in the muscles. 
1. Which part of the ear is involved when: 
(i) a gymnast performs various balancing feats. -......:-+1+1+1:11111111111111111171=: 


INTEXT QUESTIONS 16.5 


(ii) you hear a SONG. cvscsesesssssssssssssnsnnnnnsenseeceeecceesesssnsnnsnnoantnnnensnnnenencgngsssissses 


BIOLOGY 5 | 351 | 


MODULE - 2 


Forms and Function of 
Plants and Animals 


2. Name the following : 
(i) The part into which the sound waves are directed by the ear pinna. 


16.10 COORDINATION THROUGH HORMONES—THE ENDOCRINE 
SYSTEM ms 
Hormones are secretions from specific cells or glands in the body that are carried 
by the blood. Their effect is produced in one or more specific parts only. Most 
hormones are secreted by special glands called the endocrine glands meaning 
‘secrete internally’. These are also called ductless glands because their secretions 
are poured directly into the blood and not through ducts. Certain hormones are 


| produced by other glands or body parts also, for example, the stomach and the 


duodenum. 


16.10.1 Nature and Function of Hormones 
@ Hormones are secreted from their source directly into the blood. 


© Blood carries the hormone to the target cells which respond to it. 
© Hormones regulate the physiological processes. 


© They are produced in very small quantities and are biologically very active. 
For example, adrenaline is active even at a concentration of 1 in 300 million 
parts. 


@ Their excess and deficiency, both, cause serious disarders. 


@ Chemically, the hormones may be water-soluble proteins (peptides), 
glycoproteins and amines or lipid-soluble steroids. 


@ The extra hormones are not stored in the body and are excreted out. 


16.10.2 Hormone Secretors — the Endocrine Glands 
In humans there are more than a dozen tissues and organs that produce hormones. 
Most of these are shown in Fig. 16.8. These can be listed under two categories 


(a) Exclusively endocrine : the pituitary, the thyroid, the parathyroid, thymus 
and the adrenals. 


(b) Partially endocrine : The pancreas, gastric and duodenal epithelium, the 
gonads (testis in males and ovary in females) and placenta in females. 
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Pineal body 


Pituitary (Hypophysis) 


Duodenum (Not shown) 


Adernal 


Islets of Jangerhans (in pancreas) 


Ovary 
Placenta (not shown) | 


Testis 


Fig. 16.8 Location of principal endocrine glands in the human body 


1. Pituitary — the master gland 

The pituitary gland (also called hypophysis) (Fig. 16.9) is a small projection (about 
the size of a pea) which hangs from the base of the mid-brain. It is connected to 
the hypothalamus of the brain by the pituitary stalk. The hypothalamus, although 
a part of the brain, also secretes some hormones one of which is somatostatin which 
inhibits the secretion of growth hormone from the anterior pituitary. 


Hypothalamus 


LIF, 


Fey Anterior pituitary 


A 
& 


Ó 


T Fig, 16.9 Pitutary gland ; : 2 


BIOLOGY 


MODULE - 2 
Forms and Function of 
Plants and Animals The pituitary controls most other endocrine glands. It has two distinct parts: the anterior 
pituitary and the posterior pituitary. Various hormones produced from these two parts 
and their actions are listed below in Table 16.2. - 


Table 16.2 Pituitary hormones, their action and abnormalities due to its 
oversecretion or undersecretion 


Action and abnormalities 


produced 


Source 


Anterior lobe | Growth hormone 
of pituitary (GH), also known 
as somatotrophic 
hormone (STH) 


Promotes growth of whole body, 
particularly of the skeleton. 

Undersecretion in childhood lead to 
Dwarfism; oversecretion in childhood 
causes gigantism and in adult, acromegaly. 


1. Thyroid stimulating hormone (TSH) 
stimulates thyroid. 

2., Adrenocorticotrophic hormone (ACTH) 

_ Stimulates adrenal cortex. 

3. Follicle stimulating hormone (FSH) 

"stimulates egg fotmation in females and 
sperm formation in males. 

4. Luteinizing hormone (LH) stimulates 
ovulation and the formation of corpus 
luteum which produces the female 
hormone progesterone and 
LH stimulates testis to produce the male 
hormone testosterone. 

5. Prolactin stimulates milk production. 


Trophic hormones 
(stimulate other — 
endocrine. glands) 


Gonadotropic hormones ` 


Posterior lobe 
of pituitary 


Antidiuretic hormone 
(ADH) or vasopressin 


Increase absorption of water from the 
kidney tubules (osmoregulation). 
Deficiency causes diabetes insipidus. 


ay 4 i a J 
Oxytocin Stimulates contractions of the uterus during 


childbirth. 


2. Thyroid 

Thyroid is a bilobed structure situated in the front region of the neck 
(Fig. 16.10). It secretes two hormones—thyroxine and calcitonin. 

Thyroxine regulates basal metabolismsi.c. the rate of cellular oxidation resulting 
in heat production. Controls growth and development, ‘ossification of the bones, 
body temperature, mental development, ete. 

Undersecretion of thyroxine (hypothyroidism) produces thrée conditions 

© Simple goitre. Enlargement of thyroid visible as a swelling in the neck. It is 


caused due to iodine deficiency in food as iodine is needed for production of 
thyroid hormones. 


Cretinism. Poor body growth (dwarfism) and mental retardation 
Myxoedema. Swelling of the face and hands. General sluggishness. 


K 
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Overseer etion of thyroxine (hyperthyroidism) produces exophthalmic goitre. This f Plants and Animals 
condition causes marked increase in the metabolic rate, rapid heart beat, shortness 
of breath and the eyes protrude out together with goitre in the neck. 
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Oesophagus 


Fig. 16.10 The thyroid gland 


Calcitonin. It regulates the calcium and phosphate levels in the blood: If the 
calcium level in. blood is high more calcitonin is secreted and the calcium ions are 
moved from the blood to:the bones making them harder. The reverse happens when 
the calcium level in'the blood is low making the bones soft. 


3. Parathyroids 

These are two small pairs of glands wholly or Pairs embedded in the thyroid 
gland. Their secretion parathormone raises blood calcium level by stimulating 
release of calcium from bones. 


4. Thymus ; 
It is located at the base of neck. It produces. some hormones involved in maturation 


of T lymphocytes, It begins to atrophy after puberty. - 


5. Adrenals 

The adrenals (ad: adjacent, renal; kidney) are a pair of glands situated like caps 
one above each kidney. Each adrenal consists of two parts: a central medulla i 
a peripheral cortex. 

The adrenal medulla secretes adrenaline which, 

© increases heart beat accompanied by an increase in the blood pressure. 


$ 


© increases blood supply to the muscles while decreasing blood supply to the 

visceral organs. bytes 
© releases more glucose into the blood from the liver. i 2 
The adrenal cortex secretes two categories of hormones: glucocorticoids and 
mineralocorticoids. : 3 : 


a 


AN 
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Plants and Animais (a) Glucocorticoids e.g. cortisone 

e In response to stress it raises blood glucose through action of the liver including 
deamination of amino acids. During starvation and prolonged fasting the 
required glucose is partly provided through this hormone. 


@ It adapts the body to stresses such as extreme heat or cold, burns, infections, — 
etc. 


e@ Some of the cortical hormones behave like sex hormones. 


— Overgrowth of adrenal cortex in young children causes premature 
sexual maturity. 


— Overgrowth of adrenal cortex in mature females results in the 
development of male characters such as beard and deep voice. 


— Overgrowth of adrenal cortex in mature males results in the development 
of some feminine characters such as enlargement of breasts. 


(b) Mineralocorticoids e.g. aldosterone 

This hormone is concerned with water retention. It increases reabsorption of sodium 
and chloride ions in kidneys. 

6. Pancreas 


Pancreas is an endocrine as well as an exocrine gland. It has special groups of cells 
called Islets of Langerhans, which consists of three kinds of cells — alpha cells 


producing glucagon, beta cells producing insulin and gamma cells producing 
somatostatin. 


(i) Glucagon. It stimulates breakdown of glycogen to glucose in the liver, leading 
to rise in the blood sugar level. 


(ii) Insulin. It performs two principal tasks; 
© Promotes glucose utilization by the body cells. 


© Stimulates deposition of extra glucose in the blood as glycogen in the 
liver. 


Non-secretion or under secretion of insulin causes diabetes mellitus 
(hyperglycemia, meaning ‘more than normal sugar in blood’. 
A diabetic person, 


has higher glucose in blood; 

excretes a great deal of urine loaded with sugar; 

© feels thirsty because of loss of water through too much urination; 

© loses weight and becomes weak. In some cases, the patient even loses the — 
eyesight. 

Oversecretion of insulin causes hypoglycemia or low blood sugar. The brain may 

enter a state of coma if the level of sugar in blood becomes too low. 

(iii) Somatostatin also called Growth Hormone-Inhibiting Hormone (GHIH) 
inhibits secretion of insulin as well as glucagon. 
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7. Gonads (testis and ovary) Plants and Animals 
Testes in males possess two kinds of cells : the sperm-producing germinal cells 
and the hormone-producing interstitial cells. The hormones produced are called 
androgens and the commonest one among them is testosterone. 


The testosterone stimulates the development of the male characters during which § Notes 
the body at puberty starts developing facial hair, and their voice cracks and 

deepens. 

Ovaries in females produce two kinds of hormones—estrogen and progesterone. 
Estrogen is secreted from the follicles of the ovary and stimulates the development 

of breasts and fat deposition on the hip in a mature woman. Estrogen prepares the 

wall of the uterus for receiving the fertilized egg. 


Progesterone is secreted by the corpus luteum (follicle left after the release of 
ovum). It brings about the final changes in the uterus for the retention and growth 
of the foetus during pregnancy. 


8. Placenta 

Placenta of a pregnant woman produces certain hormones. One such hormone is 
human chorionic gonadotropin (HCG), which maintains the activity of corpus 
luteum in secreting progesterone continuously. 


9, Hormones from stomach and intestine 
(i) Gastrin is the hormone secreted by the mucus membrane of the pyloric 
end of the stomach. It stimulates the gastric glands to secrete gastric juice. 


Gi) Secretin is the hormone secreted by the inner lining of the duodenum. 
It stimulates the production of pancreatic juice while the hormone 
cholecystokinin stimulates release of bile from gall bladder. 


THE FEEDBACK MECHANISM (CONTROL. OF HORMONAL 
SECRETION) 
The amount of hormone released by an endocrine gland is determined by the body's 
need for the particular hormone at any given time. The product of the target tissue 
exerts an effect on the respective endocrine gland. This effect may be positive 
(‘secrete more’) or negative (‘secrete no more’ or ‘slow down’). This can be 
explained by taking the example of thyroid gland. 


16.11 


Feed back mechanism of thyroid activity (Fig. 16.11). Hypothalamus releases 
a hormone TSH-RH (TSH- Releasing Hormone) which instructs the anterior 
pituitary to release TSH (thyroid stimulating hormone). The TSH Stimulates thyroid 
to release thyroxine. If the level of thyroxine in blood increases, the pituitary stops 
the release of TSH. If the level of thyroxine becomes still higher, then the inhibition 
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Plants and Animals . of the release of thyroxine takes place not only at the level of the pituitary but also at 


the level of hypophysis to inhibit the release of TSH-RH. When the level.of thyroxine 
falls in the blood, the thyroid gets stimulated to secrete more of it. What is happening 
here is that the starting point of an activity receives back the information whether to 
continue or increase, or to slow down or even stop, 


Thyroid stimulating 
hormone (TSH) 


Suppresses 
production 
of TSH \ Thyroid produces 
from pituitary ` thyroxine 

`. [ Thyroid in 

Blood 
Controls chemical activity 
in the body 


Fig. 16.11 Feed back mechanism in hormone action 
(solid line = stimulation; broken line = suppression/inhibition) 


16.12 HORMONAL AND NERVOUS COORDINATION COMPARED 


The table 16.2 below lists a few major differences between these two different kinds 
of control and regulating mechanisms. 


Table 16.2 difference between hormonal and nervous control 


AIl hormones are 
chemical signal 


Nervous control 


Lee Nerye impulses are 
electrical signals. Chemical 
Signalling takes place at 
synapses 


Sees or aa Rapid. Between 0.7 metres 
per second and 120 metres 


perosecond 


3. Effectin the body St L pe lg he 
only the particular muscle 


or the gland 


General effect. The 
hormones can influence 
cells in many different 
parts of the body. 
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4. Effecton growth | Can affect growth Cannot affect growth Plants and Animals 
3 Capacity for Cannot be modified by | Can be modified by learning 
modification learning from previous | from previous experiences 
experience 
6. Duration of Short term or long lasting. | Only short — lived Notes 
effect ; 


PHEROMONES PHE GCHEMICAL MESSENGERS AT SOCIAL 


Fresca are the secretions given out Poy an individual into the environment, 
which bring about a specific response in other members of the same species. Some 
of the examples of the pheromones are as follows: 


e Common ants march on the floor or walls in a trail on‘an invisible path laid 
down by a secretion from their bodies. It helps them to reach the destination 
one after another, as well as to return correctly to their own nest. 


© When disturbed honey bees give out an alarm pheromone from their sting 
at the back and mandibles in the mouth. ‘This alerts the inmates of the hive to 


face the attack. 


e Females of a versiealir moth gives « out a scent which can attract a male froth 
as much distance as 3-4 kilometers. 


© Introduction of a male mouse into a group of female mice shortens oestrus cycle 
(cycle of development of eggs in the ovary and ovulation). 


e Introduction of a strange male mouse of a different strain sieeve to the extent 
that the newly pregnant females abort their foetuses. The source of 


pheromone of the strange male mouse is in its urine. 


1. Name the following 
G) ‘The organ in the neck close to which the thyroid is located 
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WHAT YOU HAVE LEARNT 


@ The coordination of body activities inside the body of an organism is brought about 
by two systems- the nervous and the endocrine systems. 


@ The nervous system is composed of the central nervous system (brain and spinal cord) 
and the peripheral nervous system (cranial and spinal nerves and the autonomic 
nervous system). 


e The autonomic nervous system consists of a pair of chain of ganglia by the side 
of spinal cord. It is largely concerned with the normal functioning of the visceral 
organs. 


Cerebrum is the largest part of the brain and is the seat of intelligence. 
Cerebellum is the centre of balance. 
Medulla oblongata controls breathing and heart beat. 


Spinal cord is the centre for simple reflexes. 


The sensitive layer of the eye is the retina which is composed of rods (sensitive to 
dim light) and cones (sensitive to bright light and for colour vision). 


@ The internal ear performs two tasks perception of sound by the cochlea and that 
of disturbance in body balance by the semicircular canals, utriculus and 
sacculus. 


@ The nose perceives chemical stimuli by the chemicals carried by the air and 
the tongue by direct contact with them. 


e Skin possesses receptors for touch, pain, heat cold etc. 


@ Chemical coordination is brought about by hormones produced by the ductless — 
glands, that are carried by the blood and which act on the target cells or organs 
away from their source. 


@ There is a close link between the nervous and the endocrine systems, shown 
by the way in which the pituitary gland interacts with the hypothalamus of the 
brain. 

Our endocrine glands include the pituitary, thyroid, parathyroid, thymus 
adrenals, pancreas, gonads and placenta. 
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@ The pituitary controls and regulates the activities of almost all other endocrine § Plants and Animals 
glands. t 


e The undersecretion as well as the oversecretion of the hormones, both produce ill 
effects. 


e@ Hormone level are generally controlled by feed back mechanism. Notes = 


e@ Pheromones are the external secretions, which produce response in other individuals 
of the same species. 


TERMINAL QUESTIONS 


1. Name the two divisions of the nervous system? 

2. What is gray matter? 

3. Name the chemical involved in the transmission of nerve impulse across a 
synapse. 

4. Give two examples of sensory nerves. 

5. Name the respective areas of the retina concerned with best vision and no 
vision. 

6. What is the role of the eustachian tube in the ear? 
Name the hormone and its source glands, whose deficiency leads to diabetes ( 
insipidus. 
What are pheromones? 

9. Name and explain the event that happens immediately when a nerve fibre gets 
stimulated? 

10. Are the endocrine glands and the ductless glands one and the same thing? Give 


one example. 
11. Describe any one example of condition reflex in the humans. 
12. List the functions of medulla oblongata. 
13. Differentiate between sympathetic and parasympathetic nervous systems. 
14. What are the two principal tasks of insulin? 
15. Explain the following terms: (i) synapse (ii) stimulus and (iii) impulse 


16. Draw a diagram to show the arrangement of the bones inside the middle ear. 


17. Write short notes on the following : 
(i) myopia 
(ii) taste buds 
Gii) accommodation of the eye 
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of the eye, and (ii) urinary bladder? 
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19. Draw a labelled diagram of the cross section of the spinal cord and the nervous 
pathway of a simple reflex concerned with it. 


20. Explain the role of ciliary muscles in our eyes 


21. Taking the example of thyroxine secretion, explain what is meant by feedback 
mechanism? 


ANSWERS ‘TO INTEXT. QUESTIONS 


16.1 1. Cerebrum, cerebellum, medulla oblongata, ems and hypothalamus 
2. (i) Cerebrum-intelligence/thinking/reasoning/memory; 
(ii) Cerebellum—balance/muscular coordination 
(iii) Medulla oblongata—involuntary actions 
(iv) Hypothalamus—homeostasis 
3. Gray matter—composed of neuron cell bodies 
White matter-composed of axon fibres 
4. Cerebrospinal fluid 
16.2 1. Sympathetic nervous system and patasympathetic nervous system 
2. (i) parasympathetic nervous system 
Gi) parasympathetic nervous system 
(iii) sympathetic nervous system 
(iv) panisytipetetic nervous system 
(v) . parasympathetic nervous system 
3. because it connects the periphery (surface) of the body 


4. sensory = afferent, motor =efferent 


16.3 1. (i)simple (ii) conditioned “Gi conditioned 
(iv) simple (v) conditioned 
16.4 1. (i) contracts and dilates pupil 


(ii) helps in near vision/contracts to make lens thicker 
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Gii) controls amount of light entering the eye Plants and Animals 


(iv) maintains shape of the eye ball and protects retina s 


(v) produces nerve impulses into the optic nerve 


N 


G) yellow spot Gi) concave lens Notes 
Gi) cataract (iv) accommodation 


16.5. 1. < G) “vestibule Gi) cochlea _ 


N 
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auditory meateus 
ii) static balance ; 
(ii) touch/pressure/warmth/cold/ ae 

16.6 L (i) larynx, (ii) cretinism, (iii) adrenaline (iy) diabetes mellitus, 
(v) posterior pituitary 


Pheromone is a secretion from one individual that is given out into the 
environment and which elicits a response in other members of the same 


species. 
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HOMEOSTASIS : THE STEADY STATE 


In the previous lesson you studied about the nervous system. There, you noted how 
the body functions in a coordinated manner to bring about any required effect or 
change. You also learnt about the hormones and how they work in a way so that 
the body knows when to start, when to speed up, when to slow down and when 
to stop an event that ocurs inside the body. In this lesson, you will study about the 
phenomenon called homeostasis which means ‘keeping steady state’. Homeostasis 
operates for a variety of needs inside our body and one such need is the regulation 
of body temperature called thermoregulation. This lesson mainly covers various 
aspects of thermoregulation. 


OBJECTIVES 


After studying this lesson, you will be able to : 

@ define the term homeostasis and explain its needs in the body; 

@ explain the term thermoregulation and justify its need in the body; 
e differentiate between endotherms and ectotherms; 


e list the body parts involved in thermoregulation and explain how they 
contribute towards heat production and heat loss; 


e name the principal heat regulating centre in our body and describe how it acts; 


© explain the term ‘feed back’ and differentiate between positive and negative 
feedback mechanisms. 


17.1 CONCEPT OF HOMEOSTASIS 
Homeostasis (homeo : same/steady, stasis : state) is a phenomenon in which the 
body regulates its processes to keep the internal conditions as stable as possible. 


Homeostasis is necessary because the body cells need to have suitable conditions 
around them for proper functioning. These conditions include, inside the cell the 
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presence of proper concentration of chemicals, proper temperature, and a suitable f Plants and Animals 


pH (degree of salinity or acidity), etc. But these conditions inside our body as well 
as inside other organisms keep fluctuating within a narrow range. Tolerance to any 
change from this range differs in different organisms. Organisms adopt a variety 
of measures to cope with such changes. 

To understand the concept of homeostasis (keeping steady state) a little better, 
consider the following five examples in the humans: 


Example 1. Drinking water and keeping a ‘steady water balance’. 

In all kinds of weather, your blood and other body fluids must maintain a particular 
percentage of water. If the volume of water in the body tends to rise, the excess 
is passed out in urine and, if it tends to fall short, more water is withheld inside 
the blood to the extent required. Thus, the body maintains a steady state (= 
homeostasis) of water content. 


© in- hot summers you feel thirsty at regular intervals. You drink lots of water or 
even cold drinks, yet you do not urinate much. The urine passed out is more 
concentrated. This is because during hot weather you lose more water through 
perspiration but your body needs to maintain its normal percentage and so the 
water is withheld within by passing out only little and concentrated urine. 


© In cold winters you donot feel much thirsty. You do not drink large quantities 
of water, But, may be, you are taking more of hot drinks only to keep warm. 
During such days you urinate more frequently and the urine passed out is more 
dilute. 


Example 2. Eating sugar and keeping steady sugar level in blood 

Suppose you have been consuming too much sugar in food, beverages and sweets. 
Presuming you are otherwise normal, your body will handle the excess sugar (more 
than the normal percentage in the blood) by storing it in the form of glycogen in 
the liver. ; y A ae 

when you are fasting or doing much physical work, your blood 
the liver converts the stored glycogen back 
fill the gap and restore the normal blood 


At some other time, 
sugar is used up rapidly. At that time, 
into its usable form, that is glucose, to 
sugar level. 


Example 3. Maintaining normal steady state of blood any 
Sometimes you are eating too much salt (sodium chloride) in your food. But your 
blood normally maintains only the particular level of alkalinity (pH 7.34-7.43) 
which is only slightly alkaline. Any extra salt consumed is passed out through urine 
as it cannot be stored in the body. l i ! 
eating too little salt, or you are losing much of it 


i are 
If at some other time you seca r ue 


through sweating, your kidneys will hold back the re 
sodium-potassium balance. 
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Example 4. Managing the number of red blood cells 


A normal human adult possesses about 5 million red blood corpuscles (RBCs) per 
cubic millimetre of blood. 


Whenever a plain-dweller visits a hill station at high altitude without any break- 
journey in between, he is likely to feel exhausted for a couple of days. Later, the 
person becomes normal. At high altitudes the atmospheric pressure 1s lower’ and 
the amount of oxygen carried by this normal number of RBCs‘is insufficient. Within 
a day or two, the body adds more RBCs into the blood to pick up the normal required 
quantity of oxygen. 


When the same person returns to the plains at a lower altitude the higher RBC level 
that was acquired at the hills now begins to take up oxygen in excess, which is 
harmful. The body readjusts the red blood cells get reduced in number to become 
stable at the original level. 


Example 5. Warming and cooling of the body (maintaining steady body 
temperature) 


During hot summers you wear light clothes. You perspire a lot, you sit under a fan 
or under a tree and feel comfortable. Your body is trying to cool against the higher 
temperature. 


Then, there is the reverse of it i.e. cold winter. Inspite of wearing thick warm clothes 
you still you feel cold. In mid-daytime, you go out in the open sunshine to warm 
yourself. At night; you cover yourself with a thick blanket. You are doing all this 
is to maintain a steady state of warmth inside your body. 


In both the above situations, you are trying to regulate your internal body 
temperature, called thermoregulation. You will study more about thermoregulation 
in subsequent sections of this lesson. 


| INTEXT QUESTIONS 17.1 


1. Define hippie) 


2. Lt any three chemicals whose concentration in our body has to be maintained 
at partcular levels. 


(E REE ri aaa r a oa N a n e ieee 
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do ? 
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THERMOREGULATION — WHY IS IT NECESS ARY? 


17.2.1 Limits of heat tolerance 


The living organisms can’ normally survive only within a certain range of g 
temperature of about 0-45° C. However, organisms tend to make adjustments, if 
they happen to be at places of higher or lower température. Notes ae. 


» 


A. Above 45°C, the organisms may suffer in many ways: - 
e the enzymes are destroyed, etiam r 

® proteins are denatured, 

© plasma membrane breaks down, and _ 

@ cells suffer lack of oxygen. 


B. Below 0°C. At temperatures below freezing point, the cells may burst by the 
formation of needle-like ice crystals inside and between the cells and the 
organisms cannot survive. 

The above stated effects due to temperature changes are because enzymes 
function normally within, a certain range of temperature. 


17.2.2 Efficiency of enzymes at different temperatures 

Enzymes carry out almost all the chemical reactions occuring inside our body. They 

have several characteristics and the most important one is their relation with respect 

to the temperature. 

@ At 0°C. The enzymes are inactive. 7 

@ The rate of enzyme-catalyzed reactions doubles with every 10 degrees rise in 
temperature between 4-40°C. Í 

© On warming. Whenever the temperature rises, the enzymes start working 
faster. If the temperature becomes too high (more than 40°C) the enzymes begin 
to work too rapidly and produce unwanted intermediate chemicals and not the 
required ones. At still higher temperatures the enzymes get denatured (destroyed). 

© The enzymes act best at a narrow temperature range, usually MeN al vee 
(optimum ‘temperate meaning the most suitable temperature) 

® On cooling. At temperatures lower than the optimum temperature the enzymes 
become less and less efficient. At freezing temperatures the enzymes may turn 
totally inactive. 


1. How do the following temperatures affect the enzymes? 


(i) 45°C and above 


(ii) -0°C and below 
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17.3 CLASSIFICATION OF ANIMALS BASED ON THEIR 
TEMPERATURE TOLERANCE - 

Based on the capability and the manner of regulating body heat, all animals found 

on earth are grouped into two main categories: endotherms and ectotherms 


17.3.1 Endotherms and Ectotherms 

A. ENDOTHERMS (endo : inside, therm : heat) : Examples: All birds and 
mammals. Endotherms are the organisms, which maintain a steady body 
temperature irrespective of the temperature of the surroundings. Two other 
terms often used synonymously for endotherms are 


e Homoiotherms (homoio: same; therm: heat) refers to keeping the same 
or constant (warm) body temperature, and 


e Poikilotherms or Warm-blooded (oldest term and seldom used now) 
means animals which are felt warm whenever touched. If you held a 
pigeon in your hand or feel a rabbit by touch even when it is intensely 
cold, you will find them warm. 

B. ECTOTHERMS (ecto: outside, therm: heat) : Those animals whose body 
temperature rises and falls with the rise and fall of surrounding temperature 
are termed Ectotherms. All animals other than birds and mammals are 
ectotherms. Examples: Fish, frogs, lizards, insects, earthworms, etc. Two other 
terms often used synonymously with ectotherms are 


© Poikilotherms (poikilo : changing/varying, therm: heat) referring to 
acquiring the body temperature from that of the surroundings. 
© Cold-blooded (oldest term and seldom used now) means animals which 


are felt cold when touched. If you hold a frog in your hand or feel the 
touch of a cockroach, they are always colder than your body. 


17.3.2 Characteristics of Endotherms 
1. With a internal heat-regulating mechanism, the endotherms (birds and 
mammals) are able to maintain their body temperature within a narrow range 
of 2°C (37-39°C.) irrespective of the outside temperature whether intensely cold 
or severely hot. Birds are usually slightly warmer than the mammals. 
2. An efficient insulation mechanism helps maintain body temperature 
© Birds have feathers to trap air for preventing heat loss. When cold, the 
feathers are raised (fluffing) to trap more air to increase insulation. 
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© Mammals have two sources of insulation: (i) hairs and (ii) subcutaneous f Plants and Animals 

or under-skin fat. The hairs trap the air. When it is too cold the hairs are 

raised (goose flesh) to increase insulation. The under-skin fat prevents 

conduction of heat outwards. This fat layer is thicker in the colder region 

inhabitants for better prevention of heat loss and thinner in those living 

in warmer regions to allow greater heat loss. 


17.3.3 How some endotherms cope with unfavorable temperatures 

e Polar bears, penguins and several other animals live in the ice-covered polar 
regions. They maintain their body temperature by generating heat and preventing 
heat loss through thick fur and a thick layer of under-skin fat. 


e Camels, desert rats and several other tolerate the intense heat of the tropical 
deserts mainly by promoting heat loss. 


Camel is a desert dweller of hot climate. It needs to possess more of heat 
loss mechanisms and cut down the heat- retaining ones. Most of its skin 
has no fat layer. But, look at the hump, it stores a huge bulk of fat only 
_as reserve food. i 


© Squirrels, goats, pigeons etc. live in moderate climate and they too have to 
adjust their body temperature according to the changing conditions of the 
outside. They adjust both in winter and summer to maintain normal body heat. 


Humans too are endotherms. When required we supplement our natural heat- 
regulating mechanisms by artificial methods like clothing, using the fan, 


bathing, room heating, room- cooling, etc. 


17.3.4 Some ectotherms and how they cope unfavorable temperature conditions 
Consider the following examples: 


© Frogs hibernate under the ground in cold winters and aestivate during hot 


summers to avoid heat and escape from cold. 


e Fishes live in water. But the water seldom undergoes extreme temperature 
changes like the ones on land. Still, fishes either make minor adjustments in 
their body parts to minimize the heat loss or heat gain or, if they are unable 
to do so, they migrate to less harsh regions. 


© Lizards and crocodiles bask in the open sun to warm themselves during cold 
weather, When hot, they move to shades. When feeling hot, the crocodiles even 
open their mouths wide to allow evaporation of. water for cooling purposes, 


something like the panting of dogs. 


© Honey bees, during cold winter nights, huddle together inside the hive to 
ot summers they even operate a kind 


conserve body heat collectively. During h i 
of ‘desert cooler’ by sprinkling some water on the honeycombs and fanning 
with their wings for cooling the honey combs. 
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1. Classify the following animals as endotherms or ectotherms 


Camel, Bat, Earthworm, Cockroach, Fish, Wall lizard, Polar bear, sparrow 
ENCORE ais. ocecscs <csnssseveres 
are (in SARS MIN NEY Si tos Malai Wh I LAE ele AA RR 


2, Explain the following terms and give one or more synonymous terms for each: 
(DPMP OMAR STIS os aa enaa it nook Rh. 


TEIE Ea D AEREE ERA AEE OE POET. 

3. Mention one way each by which each of the following fight severe cold: 
a r AOE NAOTA TEOTAN EE AET IIIR E 
E AS GA DAR E ES OI I AA AEE 
(iii) Common frog 
(iv) Wall lizard 


17.4 MECHANISM OF HOMEOSTASIS OF BODY TEMPERA-TURE 
(THERMOREGULATION) IN HUMANS 


17.4.1 Normal core body temperature 

The starting point in any homeostasis is the identification of its sel or the normal 
point. The set point of human body temperature is taken as 37°C, which jis also 
called the normal or core body temperature. The core body temperature refers to 
the temperature of the combined portion of the trunk, head and upper part of arms 
and legs. Our body temperature otherwise is not uniform throughout. 

e The surface skin temperature is usually lowest but it varies considerably due 

to a variety of external and internal conditions. 


The armpit usually records 1 degree less than the temperature inside the outs 


The anal temperature is 1 degree higher than the core body temperature. In very 
young children, the clinical thermometer is placed inside the anus and the 
temperature recorded is reduced by one degree to assess if the child is having 
any fever, 

@ Forall practical purposes, the oral (mouth) temperature is taken as normal body 
temperature, which is usually 37°C (+0.5). 

Whenever the core body temperature departs from the normal, the body takes 

corrective measures. For example : 

© If the temperature falls, there is increased heat production in the body along 
with prevention of heat loss. 

© If body temperature rises there is cooling to give out excess heat. 

You will read about such steps in more details in the next sub-section. 
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17.4.2 Mechanisms of Thermoregulation Plants and'Animals 
The principal heat-regulating centre is located in the hypothalamus. a part of the a 
forebrain. This part acts like a thermostat. 


e When the body has to face cooling below the normal temperature, it ‘switches 
on’ or speeds up the heat-producing processes and simultaneously ‘shuts off 
the heat-losing ones. 


@ When the body faces overheating during summer or after intense physical 
exercise, it accelerates the cooling process and ‘switches aff the heat- 
producing ones. 


A. Keeping warm in cold weather 
Thermoregulation in cold weather is achieved in two ways : preventing loss of body 
heat and generating more body heat.’ 
1. Preventing loss of body heat - This is achieved in two ways: 
(a) Vasoconstriction. Vasoconstriction means narrowing of blood vessels 
(Fig.17.1a). As a result of vasoconstriction in the skin, 
@ the blood supply to the skin is reduced and there is less loss of heat 
by convection, conduction and radiation. 
© With the reduced blood supply to the sweat glands in the skin, there | 
is less or no secretion of the sweat and thus there is no evaporation 
of water and no loss of heat 
Have you ever observed that in very cold weather you look pale or 
bluish? This is due to reduced blood supply to the’ skin caused by 
vasoconstriction. 
(b) By posture. At times when we fee] cold, 
© We hold our arms cross-folded tightly over the chest while standing 
or sitting. 
e While sleeping in bed we often hold our arms and legs closely 
folded near the body in a curved posture. 


Such postures reduce the exposed body surface for heat radiation 


2. Generating more body heat : The metabolic rate is increased and more heat 
is produced in the body cells. The muscular activity is also increased which 
is sometimes in the form of shivering, 

B. Keeping cool in hot weather (Fig. 17.1b) 


When the outside temperature is high or when a person is engaged in’ strenuous 
physical work there is overproduction of heat within the body. The extra heat is 


given out in two principal ways. 
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(Less blood 


Homeostasis ; The Steady State 


Increased heat radiation from the body. This is brought about by increasing 
the blood supply to the skin through vasodilation (widening of the blood 
vessels). The increased blood flow into the skin allows more heat to reach the 
body surface and radiate out heat. (Fig. 17.1b). 

Increased sweating. Increased blood supply to the skin through vasodilation 
makes more water available to the sweat glands. They pour out more sweat and 
the evaporation of sweat cools the body. We often speed up evaporation of sweat 
by using fans. The fans by themselves do not cool the air, it is the movement 
of air that increases evaporation of the sweat to produce more cooling. 


Heat ; 
Less Radiated Much Heat  Radiated 
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Arterioles 
dilated 
(More blood flows) 


(a), Vasoconstriction (b) Vasodilation 


flows) 


Fig 17.1 Blood vessels in the skin during temperature regulation. 
(a) Vasoconstriction for cutting down heat loss 
(b) Vasodilation to increase heat loss 


17.4.3 Components of Homeostasis 
Homeostasis of any kind involves four components: 


Ue 


Set point or the norm - This is the normal level of any factor in the body. 
The set point may have a small or large range. For example, the normal set 
point of human body temperature is approximately 37° C (with 0.5° C plus or 
minus). 

Sensor - This consists of the sensory part that perceives the change in the set 
point. The sensor in thermoregulation comprises the heat receptors in (i) the 
skin and (ii) hypothalamus, the part of the brain which perceives the temperature 
of the flowing blood. 


Integrating centre - The integrating centre is the part, which receives the 
information about the change in the set point of the particular state, interprets 
it and then sends the command for correction. In thermoregulation the 
integrating centre is hypothalamus plus some adjoining parts of the brain. 


Effectors - The effectors are the agencies, which act to restore the set point. 
For example, (i) Sweat glands, which pour out the sweat to produce cold by 
evaporation , (ii) Skin blood vessels, which widen (vasodilate) to bring more 
blood to the body surface for radiating out heat and (iii) Skeletal muscles, which 
vigorously contract (shivering) to produce heat 


The flow chart given here (Fig.17.2) explains the different steps in thermoregulation 
in humans. : ; 
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Brain (hypothalamus) Brain (integra; i 
Detects change in — road Spare DO Bry cl 
temperature of the body and vasodilation vasodilation 


Heating up Cooling Notes — 


Normal body core 
Temperature 37°C Draper 
in humans sig 


Cooling Warming up 


Brain (hypothalamus) Brain (integrating Skin and muscle 

Detects change in. —> centre commands for vasoconstriction 

temperature vasoconstriction and rapid contraction 
and shivering of muscles (shivering) 


Fig 17.2 Mechanism of temperature control in humans ( 


17.4.4 The Types of Regulatory Systems- Physiological and Behavioral 
The regulatory steps for thermoregulation in humans as described above can be 
considered under two headings — physiological and behavioral. 


Physiological regulation ; Changes in blood circulation like vasodilation or 
vasoconstriction, sweating or not sweating, increase or decrease in cell metabolism, 
shivering, etc. All these adjustments are not under the control of will. 


Behavioral regulation. It includes the conscious and subconscious acts. For 


example: 


When it is hot we often 


Fan ourselves ( to promote evaporation of sweat) 
Move to any shaded or cooler place, 


Stretch out the limbs while resting in the bed. 


When it is cold we 


move to warmer places (open sunshine or in front of heat radiators) 


prevent entry of cold winds (close the windows) 


wrap ourselves inside blanket (to cut down heat radiation) 


fold the arms or both arms and legs tightly close to the body (to reduce heat 
radiation). 
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1. Rearrange the following in their correct sequence-in a homeostasis: 


Effector, Set point, Integrating centre, Sensor. 


2. State in one word or sentence : 


(i) The normal body core temperature of human. 


(iii) Effect of shivering. 


17.5 FEEDBACK MECHANISMS-NEGATIVE AND POSITIVE 
The feedback in the living systems are of two types: negative to reverse a condition 
and positive to continue in the direction of the change. 


In thermoregulation the kind of feedback mechanism operating is of the negative 
type. Any deviation from the set point has to be reversed to bring it back to the 
normal condition. Therefore, a command has to be given to the organs concerned 
to function in a manner so that the deviation is corrected and brought back to the 
normal state. 


Positive feedback is very rare in the living systems. One such example is that of 
coagulation of blood. This process includes several steps in succession. The first 
feedback does not revive the set point, so it is not a negative feedback, instead it 
produces the next and the third and so on until the last one completes the process 
by plugging the cut in the blood vessel. All the feedback mechanisms in blood 
coagulation are of the positive type. 


INTEXT QUESTIONS 17.5 


1. Name the two kinds of feed back mechanisms. 


Homeostasis : The Steady State 


WHAT YOU HAVE LEARNT 


e The term homeostasis means steady state. The homeostatic processes keep the 


conditions in the body within narrow limits. 


e Homeostasis occurs for several conditions in the body such as water content, sugar 


level, body temperature, etc. 


® Most homeostatic regulations work through negative feed back which means 


reversing the change to the norm. Very seldom there is positive feedback which 
produces changes in the same direction as the first one. 


ə Enzymes are highly sensitive to temperature changes. They work best at about 37°C 


called optimum temperature. 


e The animals are categorized into two groups: Endotherms with internal heat- 


regulating mechanisms such as birds and mammals, and ectotherms whose 
body temperature rises or falls with that of the surroundings, such as frogs, fishes, 
insects, etc. 


® The endotherms have a variety of heat regulating systems such as sweating and 


vasodilation to lose heat during hot weather, increasing body metabolism or shivering 
to generate heat and presence of heat insulating structures like feathers, hairs and 


subcutaneous fat when it is cold. 


© ‘The ectotherms avoid excessive cold or excessive heat by hiding underground — 


hibernation(winter sleep) and aestivation (summer sleep) 


© All homeostatic mechanisms consist of a norm or set point, a sensor, an integrating 


centre and the effectors. 


© Inthermoregulation in humans, the sense receptors in skin and hypothalamus serve 


z 


its 


N 


as sensor, hypothalamus and some adjoining parts of the brain as integrating centre, 
and the skin, blood vessels contained in the skin and skeletal muscles etc serve as 


effectors. 


SERCISES 


TERMINAL H 
List the three conditions necessary for the body cells to function properly. 
When do we pass out more concentrated urine-during hot summers or cold 
winters ? 


3. How does our body deal with any extra sugar absorbed into the blood after meals? 


4. What is our normal RBC count per cubic millimetre? Will it go up or go down if 
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. Differentiate between the two terms homeotherms and poikilotherms. 


. Give any two examples of preventing loss of body heat by postural behaviourin 


. List the components of homeostasis in their proper sequence. 
. Differentiate between positive and negative feedback mechanism. 


. Explain the role of the following in thermoregulation in humans: 


. What is meant by feed back mechanism? What are its two types? Which one 0 f 


. Why is thermoregulation required in our body? 


. Differentiate between endotherms and ectotherms. Which ones of these do you think 
. Differentiate between physiological and behavioral responses for thermoregula tion 


. Explain the role of hypothalamus during heat regulation in humans. 
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bet Bee ih: $ 
In which temperature range do the enzymes in our body act best? 


Name the two terms often used synonymously for ectotherms. 


Name any two animals, which tolerate the intense heat of the deserts by promoti g 
heat loss. $ 


Which kind of feedback mechanism-the positive or the negative, normally operates 
in bringing about water-salt balance in our body. 


How is the enzymatic activity affected upon coding? 


How do honeybees fight cold during intense winter ? 


humans. 


(i) Sweat glands 
(ii) Skeletal muscles 
(iii) Blood vessels in the skin 


these is applicable to thermoregulation and why? 


can survive better if there is a suden change in environmental temperature? 


in humans. 


1. Homeostasis is the regulation of a steady internal condition. 
2. (i) sugar, (ii) salt, (iii) water 
3. The body adds more RBCs to the blood 
1. @ Denatured (ii) inactive 
“2. (i) 35-40°C, (ii) Optimum temperature 
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17.3 1. Endotherms : Camel, Bat, Polar bear, sparrow Plants and Animals 


Ectotherms : Earthworm, Cockroach, Fish, Wall lizard 


2.  Poikilotherms : Animals whose body temperature changes along with that 
of the surroundings 
: Notes 


Warm blooded : Animals whose body temperature remains steady and 
does not change with that of the surroundings 
3. Crocodile : Basks in the sun on the land 
Honey bees : Crowd together for collective warmth 
Common frog : Hibernates 
Wall lizard : Hides at safe places 
17.4 1. Setpoint, Sensor, Integrating centre, Effectors 
2 NRSC (ii) trap air to prevent heat loss 
(ii) warms up in cold weather 
17.5 1. Negative and positive 


2. Negative. 
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Absorption spectrums 


Absorption (Animal) 


Actinomorphic 


Action spectrum 


Adhesion 
Adventitious root 
Aerobic respiration 


Agglutination 


Alternation of generations 


Amino acid 
Anaerobic respiration 
Antibody 
Antitranspirants 
Antidiuretic hormone 
(ADH) 


Antigen 


Apical meristem 


Assimilatory roots 
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GLOSSARY 
LESSON 1 TO 17 


: A graph of the relative absorbance of different wavelengths of light by 


apigment. 


: Absorbing digested food from the gut to reach the nutrients by the body 


tissues. d 


Showing radial symmetry. Particular to flowers whose parts are arranged ' 
in radial symmetry around the receptacle. 


: A graph showing the effectiveness of different wavelengths of light in 


simulating the process of photosynthesis. 


: Force of attraction between dissimilar molecules. 
: Roots that develop from any part of the plants except the radicle 
: Oxidation of food in presence of oxygen. 


: Is the process by which red blood cells clump together when the antigens 


on their surface react with complementary antibodies 


: The alternation of two distinct phases gametophytic and sporophytic in 


regular succession during life cycle. 


: A biomolecule with an amino group and carboxyl group 

: Oxidation of food in absence of oxygen. 

: Specific proteins produced for body’s defence in response to antigen. 
: The chemicals that reduce transpiration without affecting the CO, uptake. 


: Hormone released by the neurohypophysis of the pituitary and which 


influence, the kidney and promotes the conservation of body water 


Any substance capable of generating antibodies in the immune 
system. 


Cells which divide actively to produce primary plant body and present 
at the tip of root and shoot. 


: Roots when exposed to sun develop chlorophyll, turn green and 


manufacture food 
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Assimilation 


ATP 


Antheridia 


Autonomic nervous system 


Autotrophs 


Blood pressure 
Bulliform. cells 


Capillary water 


Casparian strips 


Chemosynthetic 
Chlorosis 
Circulation 
Clumping 
Coacervate 


Coenzymes 


Cohesion 


Collateral vascular bundle : 
: Flower possessing all four whorls i.e. calyx, corolla, androecium and 


Complete flower 


Conjoint 
Descending 


Dialysis 


ee aa 


; Utilization of digested food nutrients by the body tissues 


: Adenosine Tri-phophate unit of bio-chemical energy that can be utilized 


in living organisms. 


Male sex organ in Bryophytes and Pteridophytes producing antherozoids 


| Self governing or the involuntary nervous system supplying most visceral 


organs. 


: Synthesize their organic requirements (food) from inorganic substance. - 


: The flow of the blood in the arteries exerts a pressure on their elastic 


wall is called blood pressure 


: Special cells on the upper surface of monocot leaves. Helping in loss 


of water through transpiration. 


:. The water held in the capillary like spaces between the soil particles, 


A band like thickening of lignin and suberin typical of endodermal 
cells, named after R. Caspary, who first investigated them. 


: Origin life through a series of chemical reactions. 
- Is the loss of chlorophyll leading to yellowing of leaves. 


- The work of transportation of nutrients, gases, wastes or other 


substances from one part of our body to the other part is carried out 
by blood. 


: Ys a condition where the antibodies present in the plasma recipient 


link donor’s blood cells with each other. 


: Life like aggregates of molecules. 


: Anon protein, often complex molecules which is temporarily bound 


to an enzyme and acts asa link between metabolic pathways eg.NAD, 
FAD. 


: Force of attraction between similar molecules 


Xylem and phloem on the same radius phloem towards the periphery. 


gynoecium. 


: Xylem and phloem together in one bundle 


: Growing downwards 
: Seperation of colloids from small molecules and ions by their 


inability to pass through semipermeable membranes. The process is 
used in removing nitrogenous wastes (Urea etc.) from the blood when 


the kidney fails to work normally. 


Diaphragm 
Diffusion pressure 


Diffusion 


Digestion 


Ectotherms 
Effectors 


Egestion 


Endodermis 
Endotherms 


Epiblema 
Epinephrine 
Epiphytic roots 


Essential elements 
Eukaryote 
Evolution 


Exarch xylem 


Exarch 


Excretion 


Expiration 


External respiration 


FAD 
Ganglion 


Glucagon 


: Amuscular sheet separating abdominal cavity from the thoracic cavity. 
: Anolder term for water potential. Has a positive value. 


= Movement of molecules from their region of higher concentration to their 


region of lower concentration. 


: Conversion of complex food into a simpler absorbable form 


: Are those animals whose body temperature rise and falls with the 


surrounding temperature. 


: Muscles or glands, which on receiving the impulse from the B brain 


or spinal cord contract or secrete substances. 


: Removal of undigested and unabsorbed food from thé body. 


: Innermost layer of cortex surrounding the vascular region and char- 


acterized by the presence of casparian strips. 


: Are the organisms which maintain a steady body temperature 


irrespective of the temperature of the surroundings. 


: Outer most layer of root 
: Is the hormone of adrenal medulla. 


: Aerial roots of epiphytes covered with velamen with which they 


absorb atmospheric moisture. 


: Are those which are essential for the healthy growth of the plants. 
: Organisms possessing nucleus in its cell. 
: Gradual formation of complex organisms from simpler ones. 


: Xylem strands in which maturation of cells progresses centripetally 


i.e. the first formed elements ( protoxylem ) are away from centre. 


: Protoxylem towards the outside 


: Elimination by an organism of the waste products of metabolism, 


chiefly water, carbon dioxide and nitrogenous compounds (Urea, 
Uric acid etc.) 


: Forcing air out. 


: Involves gaseous exchange between the external environment and 


the body of the organism. 


: Flavin Adenine Dinucleotide. 
: A mass of nerve cell bodies 


: A hormone secreted by the alpha-cells of islets of Langerhans in pancreas 


which regulates the sugar level in the blood. 
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Gravitational water 


Gray matter 
Guttation 


F esnochilia 
Heterophylly 
Heterotrophic 
Heteterotrophs 


Homeostasis 


Homoiotherms 


Hormone 


Hygroscopic water 


Imbibition 
Immunity 
Impulse 


Ingestion 
Inspiration 


Internal respiration 


Isotonic 
Leghemologlobin 
Melanin 


Metaxylem 
Mineral nutrition 


Molecular nitrogen - 
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: Black or brown pigment giv 


: Part of primary xylem which undergoes 


: The study of how plants 


: The rain water that passes down the soil to reach the water table. 


: Regions of brain and spinal cord that appear gray consisting chiefly of 


cell bodies of neurons. 


: The exuding of moisture from the tip of leaves in certain plants (supposed 


to be due to root pressure) 


: A genetic disease that results in a condition where blood fails to clot. 
: Plants possessing more than one type of leaves. 

: Depend on other for food 

: Can not prepare their own food and obtain nutrition from green plants. 


: Isaphenomenon in which the body regulates its processes to keep the 


internal conditions as stable as possible. 


: Refers to keep the same or constant (warm) body temperature. 


: Achemical substance produced by the endocrine organs which influences 


the growth, development and function of some other parts of the body, 
It is effective in small quantity. 


: The water held tightly as a thin film around the soil particles. 
: Absorption of water by cell wall constituents both by diffusion and capil- 


lary action. 


: The body’s ability to resist or protect itself from the harmful effects of 


disease produce substance or organisms. 


= A wave of electrical disturbance that travels across the nerve cell and 


its fibre. 


: Taking in of the food, its chewing or sucking and swallowing 
: Taking air in. 
: Enzymatic breakdown of food and release of energy. Since it occurs within ` 


the cell, it is also known as cellular respiration. 


: Solutions with same concentration of water and solutes as inside acell. 


: The pigment protein present in legumes. 


ing colour to animal skin 
differentiation after the protoxy- 


lem. 
get mineral elements and utilize them for their 


growth and development is called mineral nutrition. 


: The dinitrogen with triple bonding. 


Monoadelphous 
Monocots 


Mutation 


Mycelium 
Nacked seed 
NADH 
NADPH 
Necrosis 


Nerve 


Nitrate reductase 
` Nitrite reductase 

Nitrogenase 

Nodules 


Nutrition 


Osmosis 
Osmotic potential 
Osmotic pressure 
Pacemaker 
Paleontology 
Parathormone 


Passage cells 
Periblem 


Pericycle 


: Stamens those are joined in one group. 


> Group of angiosperms with one cotyledon in their seed. 


A sudden inheritable change in the structure content and organization of 
genetic material. 


: A group of hyphae of fungi. 

: Seed not enclosed in ovary wall. 

: Nicotinamide Adenine Dinucleotide reduced. 

: Nicotinamide Adenine Dinucleotide Phosphate reduced, 
: Is the death of tissue particularly leaf tissue. 


| A bundle of nerve fibres connecting central nervous system with other 


parts of the body. 


: The enzyme that catalyzes nitrate to nitrite. 


The enzyme that catalyzes nitrite to ammonia, 


: The enzyme that catalyzes N, to ammonia. 


: The morphological structures formed due to interaction of Rhizobium and 


legume roots. 


. 


: Acquiring, digesting and utilizing food substances in the body. 


: Movement of water molecules from a region of their high concentration to 


aregion of their lower concentration through a semi permeable membrane. ` 


: A term now more commonly used in place of osmotic pressure. Itis given 


a negative sign. 


-Itis the pressure a solution would generate if allowed to come to equilib- 


rium with pure water. 


: An artificial device attached to heart for the regulation of abnormal heart 


beat. Itis needed by people who have defective sinu-auricular node (S.A 
node) 


: Study of fossils 
: Hormone of parathyroid gland which regulates the calcium and phosphorus 


metabolism. 


: Thin walled cells of endodermis which permit passage of solutions. 


: The part of the apical meristem that gives rise to the cortex. 


: The outer most zone of cells of the stele immediately inner to the endoder- 
mis. 


Pinocytosis 
Phagocytosis 


Phellogen (cork cambiurn) 
Phellem (cork) 


Phelloderm 
Phellogem 
Pheromones 
Photorespiration 


Photosynthesis 


Phyllotaxy 


Pneumatophores 
Poikilotherms 
Progesterone 


Protoxylem 
Quiescent zone 


Radial vascular bundle 
Reaction centre 
Receptors 


Respiration 


Respiratory chain 


: Folding is of membrane for intake particles fluid droplets. 
: Folding out of membranes for intake of solid particles. 


: A lateral meristem which produces cork towards outside and phelloderm 


or secondary cortex towards inside. 


: A protective tissue, formed by the activity of cork cambium, composed of 


non-living suberized cells. 


: The secondary cortex formed on the inner side of cork cambium. 
- Cork cambiums giving rise to cork and secondary corless. 


» Are chemical substances secreted by organisms that trigger higher 


behavioral or developmental process when perceived by other 
members of the same species. 


: Respiration that is initiated in chloroplasts and occurs in light only.It 


does not produce any ATP. 


: Synthesis of glucose by green plants in the presence of sun light, 


water and CO, 


: Arrangement of leaves on stem or branch. 


- Conical roots of mangroves in marshy plants, which are-very 


geotropic 


: Are those animals whose body temperature can not be regulated 


but varies according to environmental temperature. 


- Female sex hormone secreted by the corpus luteum and placenta and 


is responsible for proliferative changes in endometrium and breasts 


: The first formed elements of the primary xylem. 
: A central cap like group of inactive cells in the root cap. 


: Bundle which has patches of phloem and xylem on different radii, as 


in roots. 


: A pigment chlorophyll that traps solar energy and converts into 


chemical energy. 


- The nerve cells which on receiving the stimulus, set up wave of 


impulse towards the central nervous system (brain and spinal cord). 


- Is stepwise oxidation of glucose which results in energy stored in 


the form of ATP. Whenever energy is required by our body. ATP 
is broken down and large amount of energy is released. 


«A series of hydrogen or electron carriers ending with oxygen, present 


in the inner membrane of the mitochondria. They are associated with the 
final step of aerobic respiration 


Response 


Root pressure 
Respiratory quotient (RQ) 


Rubisco 

RUBP 

S. Svedberg Unit 
Saprophytic 
Semiautonomous 
Speciation 
Spermatophytes 
Stimulus 


Symbiotic 
Syncarpous 
Synovial fluid 
TCA cycle 


Thyroxine 


Tracheophyta 


Transaminases 
Transcription 
Translation 


Translocaton 
Transpiration 


Turgor pressure 


: A change in the cultivity of the organism caused due to stimulus. 


: The pressure that develops in a root as result of active process and brings 


about the pushing up of xylem sap. 


: Itis the ratio of the volume of CO, evolved to the volume of O, con- 


sumed in respiration. 


: Anenzyme called ribulose bisphosphate carboxilase. 

: A5-carbon molecule, ribulose- 1, 5-biphosphate. 

: Coefficient of sedimentation. Unit of measuring ribosomes. 

: Living on dead organism or obtaining nourishment from dead organisms 
: Incapable of independent existence. 

: Evolution of new species. 

: Group of plants producing seeds. 


: Anagent or sudden change of the external or the internal environment 


that results is a change in the activities of the organisms. 


: Any close relationship between two different type of living organisms. 
: Carpels are joined. 
: Fluid contained in the joint cavity serving to lubricate the joint. 


: Tri-carboxilic acid cycle also known as Krebs cycle or citric acid 


cycle. Aerobic pathway occurring within mitochondria, in which food 
metabolites are oxidised and CO, is liberated, and coenymes are 
reduced. 


: Hormone secreted by thyroid gland. 


: Plant groups containing plants characterized by possession of 


vascular tissue. 


: The enzymes that transfer amino group. 
: Synthesis of complementary RNA on a DNA template. 
: Synthesis of a polypeptide on the basis of information on mRNA. 


: Movement of organic and inorganic solutes from one part of the 


plant to another. 


: Is the loss of water in the form of water vapour from the aerial parts 


of the plant. 


: Hydrostatic pressure developed by the fluid in a turgid plant cell. It is 


the pressure exerted by the protoplasm against the cell wall. 
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Universal donor : A person who can safely donate blood to all the blood group without 
causing any reactions. A person with blood group O. 


Universal recipient : A person capable of receiving any of the blood groups A, B, AB 
and O. A person with blood group AB. 

Vasoconstruction : Means narrowing of blood vessels. 

Vestigial organs : A small degenerate or imperfectly non functional organ which may 


have been functional in ancestors. 


Wall pressure : Backpressure exerted by the cell wall in a turgid plant cell. Itis equal 
and opposite to turgor pressure. 


Water potential : It is the capacity of a solution to give out water. Represented by the 
letter of pure water = zero. 


White matter : Regions of brain and spinal cord that appear white consisting chiefly 
of. nerve fibres. 


Zygomorphic : Showing bilateral symmetry. Particularly to flowers whose parts are 
arranged in bilateral symmetry on the receptacle. 
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APPENDIX-B 


QUESTIONS FOR PRACTICE 
LESSON 1 TO 17 


1. Define ( Species and (ii) diffusion it 
2. Name (i) the only prokaryotic kingdom 
(ii) the scientist who gave the idea of natural selection 
(iii) the cells that make antibodies 
(iv) the kind of muscle fibres present in the wall of the intestine. 2 
3. Differentiate between — 
(i) Tropic and nastic movements 
(ii) Endarch arid exarch 
(iii) Blood group AB and blood group O 
(iv) Hormone and enzyme 2 
4. Give another terms for — 
(i) Light reaction 
(ii) Kreb’s cycle 
(iii) Pairing of homologous chromosomes 
(iv) Photosynthetic organisms : 2 
5. Answer in one word or one sentence — 
(i) What is the function of lysosomes in a cell ? 
(ii) Name the products of anaerobic respiration. 


(iii) What are C, plants ? 


(iv) On what basis is protoctista separated from other eukaryotes ? 2 
6. Draw labelled diagrams of mitotic metaphase and mitotic anaphase. Į 2 
7. State two reasons why bacteria cannot be called living. 2 


8. Name and describe the plant tissues responsible for conduction of water and food in 
plants 2 
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. Explain how the level of hormone is maintained through ‘feed back’. 


In which part of the ear, external ea,r middle ear or internal ear are the following located? What 


is their function? (a) ear ossicles (b) organ of Corti 2 
Which hormoneis lacking ina patient of diabetes? Which organ secretes this hormone ? 2 
. Ina fruit basket, one apple was rotten so the others also began to rot. Which hormone was given 
out by the rotten apple? State another function of this hormone 2 
Name, in a sequence, the four events constituting a heart beat. 2 


Draw the human urinary system and label the kidneys, ureters, urinary bladder, urethra and urinary 
opening 3 
Who proposed the ‘fluid mosaic model of cell membrane’ ? Give the salient points of this model. 

3 


Classify the following into the categories of classification mentioned against their names. 


(a) Pinus, (Division) (b) Monkey (Class), (c) Bread mold (Kingdom) 3 


. With examples, describe one feature of — 


(a) stem modified for storage, (b) leaf modified for climbing (c) roots for extra support 3 


When we eat roti and dal, how do they get digested in the different parts of the alimentary 
canal? 4 
Describe ‘dark’ reaction of photosynthesis. 4 
4 
4 


What is wood? State any three differences between sap wood and heart wood. 


APPENDIX-C 


CURRICULUM OF SENIOR SECONDARY COURSE 
IN BIOLOGY (314) 


RATIONALE 


Biology arose in a two fold manner - firstly, as 4 
practicing art towards exploring and improving a 
variety of usable plant and animal products as well 
as towards maintaining good health; secondly, as an 
academic pursuit out of curiosity to know about 
humans and other living beings and to understand 
their position on the planet Earth. In other words, 
the storehouse of knowledge about living beings 
started building up only when humans were curious 
to know about life. The Course in biology helps us 
to respect and appreciate the great diversity in living 
things at all levels of organization and to understand 
the impact of development in biology on our life 


style. 


Biology is not merely a correlational science but 
also an experimental discipline, which deals with 
different tools and techniques used in biological 
studies. In most of the activities that we perform, 
biology has a role to play. Therefore, the present 
course aims at imparting biological knowledge vis- 
a-vis the ever growing human needs. Besides 
integrating the content and the depth to which it 
could be dealt with, recent advancements in concepts 
as well as emerging areas like biotechnology and 
immunology have also been introduced. 


OBJECTIVES 


The course would enable the learner to, 


è acquire knowledge of biological terms, facts, 
concepts, principles and processes in order to 
understand the living world as a whole; 


© appreciate diversity in the living world as 


also the interrelationships of various living 
organisms, ecological balance in nature, and the 
role of biology in human welfare; 


@ visualize the hazards of environmental pollution, 
and to create awareness for sustainable use of 
natural resources in the service of humankind; 


e develop insight into the role and impact of 
Biology in various allied areas such as medicine, 
agriculture, forestry, biotechnology, veterinary 
sciences and pharmacology etc.; 


e develop interest in the living world with an aim 
to respect life. 


As a part of this process, the curriculum also aims 
at developing the following abilities in the learners 
such as to — 


@ apply knowledge and understanding of biology 
in situations which are novel and unfamiliar by 
developing abilities to analyze, hypothesize, 
draw conclusions and predict results; 


@ develop skills in handling and improvising 
scientific apparatus, and recording observations 
and data; 


@ inculcate scientific attitude and practice it in day 
to day life. 


COURSE STRUCTURE 


The present curriculum contains 5 Core modules 
and 2 Optional modules. The Core modules are 
compulsory for all learners, whereas, the learner 
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can choose any one of the two Optional modules. 
Thus, each learner learns six modules in all. Each 
module has been divided further into units and then 


into lessons. The number of lessons, suggested 
study time and marks allotted for each unit is as 
follows: 


Unit wise Distribution of Core Modules 


Module 1 : Diversity and Evolution of Life 


1.1. Origin and evolution of life and Introduction 
to Classification 


1.2 Cell and Tissues 


Module 2 : Forms and Functions of Plants 
and Animals 

2.1 Plants - Morphology and Physiology 

2.2 ‘Animals - Morphology and Physiology 


Module 3 : Reproduction and Heredity 
3.3 
3.2. Principles and Applications of Genetics 


Reproduction, Growth and Development 


+ 


Module 4 : Environment and Health 
4.1 Environment and its Conservation 
4.2 Healthy Living 


Module 5 : Emerging Areas in Biology 


Optional module 6A 
Tools and Techniques in Biology 
Or 
Optional module 6B : Economic Biology 


Theory examination 


Practical Examination 


Total 


oes 


COURSE DESCRIPTION 


Introduction to Biology (Non-Evaluative) 


Biology and its branches, relationship with other 
sciences, scientific methodology, historical 
breakthroughs, recent advancements and careers 
in biology. 

Module 1 Diversity and Evolution of Life 
Time: 45 hr Marks : 12 
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Approach 


This module would enable the learner to yisualize 
the origin of life on earth and the vast diversity. 
in the living world, and also to group them 
together at various classification levels. It also. 
intends to stimulate our learner to understand 
the concepts and theories_of evolution. The 
module also highlights the cell as the basic unit 
of life and its organization into various forms 
of tissues. 


Unit 1 Evolution and Classification of 
Organisms 


Time: 30 hr Marks : 8 


1.1.1 Origin and Evolution of Life and 
Introduction to Classification 


Characteristics of life, origin of life, spontaneous 
generation, Oparin-Haldane theory, Stanley 
Miller’s experiment, organic evolution, evidence 
of evolution, sources of variation, natural 
selection, isolation and speciation. 


Need for classification of organisms, principles 
of classification and taxonomic categories, 
Linnaeus and binomial nomenclature, position 
of virus, characteristics, structure and habit of 
virus, infective properties of viruses (general 
account of TMV, Polio, HIV, Influenza virus, 
Bacteriaphage). 


Scheme of five kingdom classification, merits 
and demerits of five-kingdom classification. 


Supportive Video Programmes 


@ Origin and evolution of life 


1.1.2 Kingdoms Monera, Protoctista and 
Fungi 


Kingdom Monera - General structure and 
characteristics of bacteria and cyanobacteria 
with examples. 


Kingdom Protoctista - General structure and 
characteristics of protozoa and algae with 
common examples. 


Kingdom Fungi - General characteristics of 
fungi with common examples. j 


1.1.3 Kingdoms Plantae and Animalia 


Classification and characteristics of Plantae up 
to division - Algae, Bryophyta, Pteridophyta, 
Spermatophyta, classification of Spermatophyta 
upto classes -- Gymnospermae and 
Angiospermae, Dicotyledonae (Malvaceae and 
Fabaceae) and Monocotyledonae (Poaceae and 
Liliaceae). 


Classification and characteristics of Kingdom 
Animalia upto phyla - Porifera, Cnidaria, 
Platyhelminthes, Aschelminthes, Annelida, 
Arthropoda, Mollusca, Echinodermata, 
Hemichordata, Chordata, Classification of 
Arthropoda and Chordata upto classes, class 
Mammalia upto major orders. 


Supportive Video Programme 
e Hierarchy in plant kingdom 


e Hierarchy in animal world 


Unit 2. Cell and Tissues 


Times 15 hr Marks: 4 


1.2.1 Cell - the basic unit of life 


Cell - Cell theory, prokaryotic and eukaryotic 
cells, animal and plant cells. 


Cell organization - plasma membrane, cell wall, 
cytoskeleton, endoplasmic reticulum, cilia and 
flagella, nucleus, ribosomes, mitochondria, 
chloroplasts, golgi bodies, centrosome, 
peroxisomes, cell inclusions. 

Cell molecules - water, mineral ions, 
carbohydrates, lipids, amino acids, proteins, 
nucleotides, nucleic acids, enzymes, vitamins, 
hormones, steroids and alkaloids. 


Cell cycle - significance of mitosis and meiosis, 
karyotype analysis. 
Supportive Video Programme 


è The cell è Cell cycle 


1.2.2 Tissues 

Plant Tissues - classification, structure and 
functions of meristematic and’ differentiated 
tissues, 


Animal tissues - structure and functions of 
epithelial, connective, muscular and nervous 
tissues. 


Supportive Video Programme 


e@ The tissues 
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Module 2 Form and Functions of Plants and 
Animals 
Time 2 65 hr Marks : 20 


Approach 


This module highlights the complex nature of 
the structure and function of the different organ 
systems in plants and animals with special 
emphasis on the life processes. 


Unit 1. Plants - Morphology and Physiology 
Time : 35 hr Marks: 10 


2.1.1 Root System 


Characteristics and regions of root, primary 
structure of dicot and monocot roots, secondary 
growth in dicot roots, types and modifications 
of roots, common functions of roots. 


2.2.2 Shoot System 

Characteristics of stem, structure of monocot 
and dicot stems, difference between dicot and 
monocot stem, secondary growth in stem: wood, 
origin of lateral branches, types and modification 
of stem, functions of stem. 

‘Structure and modifications of leaf, internal 
structure of a typical dicot and monocot leaf, 
stomata, hair and hydathodes, phyllotaxy. 
Flower - Parts of flower, arrangement of various 
floral parts, placentation, inflorescence, major 
types of inflorescence. 

Fruit - Definition, structure, major categories, 
edible parts of common fruits. 


Supportive Video Programme 
@ Morphology of Plants 


2.1.3 Absorption, Transport and Water Loss 


Water relation - permeability, diffusion, osmosis, 
plasmolysis, active and passive absorption and 
movement, imbibition, water potential, 
Transpiration - The process and its significance, 
factors affecting rate of transpiration, opening 
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and closing mechanism of stomata (potassium ion 
theory), factors affecting stomatal movements, 
guttation and factors affecting rate of guttation, 
translocation of solutes. 


Supportive Video Programme 
@ Transpiration in plants 


2.1.4 Plant Nutrition 

Mineral nutrition, functions of minerals (aeroponics 
and hydroponics), macro and micro nutrients, 
deficiency symptoms of elements, mode of nutrition 
in plants - autotrophic, heterotrophic, saprophytic, 
parasitic and insectivorous plants. 


2.1.5 Nitrogen Metabolism 

Molecular nitrogen, nitrogen fixation (biological and 
abiological both), nitrogen fixation by free living 
organisms and symbiotic nitrogen fixation, nitrate 
and ammonia assimilation by plants, amino acid 
synthesis by plants. 


2.1.6 Photosynthesis 

The process and its significance, site of photosynthesis 
(functional aspect of chloroplast structure), 
photosynthetic pigments photo-chemical aspects 
of photosynthesis, photo-phosphorylation (cyclic 
and non-cyélic), C, and C4 pathways, factors 
affecting photosynthesis, chemosynthesis. 


Supportive Video Programme 
e@ Food manufacturing and utilization by plants 


2.1.6 Respiration 

Aerobic and anaerobic respiration, respiratory 
quotient, glycolysis, Krebs cycle, pentose 
phosphate pathway, factors affecting respiration 
(excluding biochemical pathways), fermentation, 
photorespiration. 


Unit 2. Animals -Morphology and Physiology 
Time: 30 hr Marks : 10 
2.2.1 Nutrition and Digestion 


Nutrition and its types, digestive system of 
invertebrate (Cockroach), digestive system and 
process in humans (ingestion, digestion, absorption, 
assimilation, egestion), intracellular and intercellular 


digestion, role of enzymes and hormones in digestion. 
Supportive Video Programme 
e Nutrition and food utilization 


2.2.2 Respiration. and. Nitrogeneous Waste 
Elimination 


Respiratory organs of humans, mechanism of 
breathing and its regulation, gaseous transport 
through blood and tissue respiration, gaseous 
exchange’ in animals (earthworm/cockroach), 
common respiratory disorders - prevention and 
cure. 


Ammnotelism, ureotelism, uricotelism, urinary 
system in cockroach and humans, finer structure 
of mammalian kidney, ultrafiltration and urine 
formation, role of kidney in osmoregulation, 
kidney failure, dialysis, kidney transplantation, 
role of Antidiuretic Hormones (ADH), role of 
liver in excretion. 


Supportive Video Programme 


@ Respiration in humans 


2.2.3 Circulation of Body Fluids 


Types of blood circulation, open Circulatory 
system in cockroach, circulatory organs in 
humans, blood circulation, histology and 
functions of blood, blood coagulation, blood 
transfusion, blood groups, blood pressure, lymph 
and lymph glands, spleen, immune system (basic 
idea of immunocytes and immunity), blood 
related disorders - hypertension, atheroma and 
arteriosclerosis, ECG, pacemaker. 


Supportive Video Progranitne 
e Circulation of body fluid 


2.2.4 Coordination and Control 


Central and Peripheral Nervous System’ in 


humans, structure and function of brain and . 


spinal cord, transmission of nerve impulse, 
' reflex action, sensory receptors, sense organs - 
structure and functions. 


Endocrine glands, nature and role of hormones, 
an elementary knowledge of pheromones, hor- 


monal imbalance and diseases, role of hormones as 
messengers and regulators’ - hypothalamo- 
hypophyseal axis, feed-back mechanism. 


Supportive Video Programmes 


@ Nervous system in humans 


@ Chemical regulation in humans 


2.2.5 Homeostasis 


Concept, regulation of body fluids, feedback 
mechanism - positive and 
thermoregulation including skin. 


negative, 


Module 3 : Reproduction and Heredity 
Time : 55 hr Marks: 18 


Approach 


This module is designed to highlight the diverse 
methods of reproduction in living beings from 
unicellular organisms to complex forms 
including humans. This module highlights the 
increase in human population all over the world 
and also provides adequate information about 
the methods of family planning and birth control. 
The principles and mechanisms of heredity in 
determining the characteristics of organism has 
also been discussed in this module. 


Unit 1. Reproduction, Growth and 
Development 


Time : 30 hr Marks: 10 


3.1.1 Reproduction in Plants 


Vegetative, asexual and sexual reproduction in 
lower plants (general account), reproduction in 
flowering plants - juvenility, flowering, factor 
affecting flowering (photoperiodism), flower as 
a reproductive organ, development of gametes 
in flowering plants, pollination - types and 
agencies, adaptation to promote cross pollination, 
fertilization and seed formation, seed - structure 
of dicot and monocot seeds, seed germination, 


parthenocarpy. 
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Natural and artificial vegetative propagation, 
advantages and disadvantages of vegetative 
propagation, micropropagation, advantages of 
micropropagation. 

Supportive Video Programmes 

e -The flower 

@ Pollination 

@ Vegetative Propagation 


© Seed germination 


3.1.2 Growth and Development in Plants 


Definition of growth and development, growth 
curve, growth regulators (phytohormones) - 
Auxins, gibberellins, cytokinins, ethylene, 
abscissic acid; seed germination - mechanism 
and factors affecting germination, role of growth 
regulators in seed dormancy, vernalisation, 
senescence, abscission, stress factors (salt and 
water), measurement of growth, plant movements 
- geotropism, phototropism, turgor growth 
movements (tropic, nastic and turgor), 
phytohormones and their role in plant 
development. 


3.1.3 Reproduction in Humans and Population 
Management 

Female and male reproductive organs, histology 
of gonads, gametogenesis, fertilization, cleavage, 
blastulation, gastrulation, fate of germ layer 
(general account only). embryonic development 
and nutrition, childbirth, twins, growth,-ageing 
and senescence, death, in-vitro fertilization. 
Demography - birth rate, death rate and 
population growth rate, position of India in 
world population, consequences of over 
population management of population growth, 
methods of contraception. 


Unit 2. Principles and Applications of Genetics 
Time: 25 hr Marks: 8 


3.2.1 Principles of Genetics 
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Heredity and variation, Mendel’s laws of inheritance, 
incomplete dominance, lethal genes, pleiotropic 
genes, polygenic inheritance with examples, 
chromosomal basis of inheritance, linkage and 
crossing over, cris-cross inheritance, maternal 
inheritance. 

Human karyotypes, autosome and sex 
chromosomes, abnormalities due to multiple 
sets of genome - colour blindness, haemophilia, 
Down syndrome (Mongolism), Turner syndrome; 
Klinefelter syndrome, Rh factor, ABO blood 
group, amniocentesis, human genome. 


Supportive Video Programmes 
e Aspects of Human Genetics 


è Genetic Disorders 


3.2.2 Molecular Inheritance and Gene 
Expression 

One-gene-one enzyme hypothesis, discovery of 
DNA as genetic material, structure of DNA and 
RNA, types of RNA, functions of nucleic acids, 
DNA replication, protein synthesis, transcription 
and translation, house keeping genes, regulation 
of gene expression, positive and negative control 
systems, Operon model, mutations and their 
types, mutagens, useful and harmful effects of 
mutation. 


3.2.3 Genetics and Society 

Genetics through ages, recombinant DNA 
technology, gene cloning, gene bank, Polymerase 
Chain Reaction, DNA fingerprinting, genomics, 
genetic engineering and its importance, 
transgenic plants, animals and microbes, genetic 
counselling. 

Supportive Video Programme 


e Genetics and Society 


Module 4 Environment and Health 
Time: 45 hr Marks: 18 


Approach 


This module emphasizes the basic understanding 
of rules governing the interrelationships in a 
biotic community. It brings out the basic principle 
of conservation by pointing out that conservation 


of natural resources would brighten the prospect 
of future of humankind. This module aims to 
create an idea about healthy living. It also 
imparts knowledge regarding role of proper and 
balanced diet to prevent nutritional deficiency 
diseases. The types, causes and modes of 
transmission of human diseases are discussed in 
this module. This module also intends to make 
the learner understand various emerging areas 
in biology. 


Unit 1. Environment and its Conservation 
Time: 20 hr Marks : 7 


4.1.1 Ecological Principles 


Biotic and abiotic factors in ecosystem, 
interrelationship between plants and animals, 
energy flow in the biosphere, food chain, food 
web, man’s place in the environment, biomes, 
flora and fauna of different biomes. 


Supportive Video Programmes 
e Energy Flow in Biosphere 


4.1.2 Conservation and use.of Natural 
Resources 


Types of natural resources — non-renewable and 
renewable with examples, need for conservation 
and restoration, Indian traditions of conservation 
of nature, conservation of soil, water and 
biodiversity, endangered and threatened species, 
wildlife reserves in India, agencies (national and 
international) dealing with conservation of 
wildlife, environmental legislation, Sustainable 
development, conventional and non-conventional 
sources of energy (hydel, wind, tidal, nuclear, 
solar, geothermal, hydrogen energy, biogas and 
bio fuels), depleting energy resources, 
conseryation of energy. 


© Our Biodiversity Richness 


© Non-conventional Sources of Energy 


4.1.3 Pollution © 


Causes, prevention and control of different kinds of 
pollution (air, water, thermal, soil, noise and 
radiation), entry and translocation of pollutants 
in our body, waste management. 


Supportive Video Programmes 
@ Air pollution 

@ Water pollution 

@ Noise pollution 

@- Waste management 


Unit 2. Healthy Living 


Time: 15 hr Marks: 6 


4.2.1 Nutrition and Health 


Health and nutrition, types of nutrients - macro 
and micronutrients, sources and functions of 
carbohydrates, fats, proteins, vitamins, minerals, 
water and roughage; energy requirement of the 
body, balanced diet, balanced diet for special 
needs growing children, persons in different 
occupations, pregnant and lactating mothers, 
deficiency diseases - Protein Energy Malnutrition 
(PEM), mineral deficiency and vitamin defici- 
ency with examples - hypervitaminosis, obesity, 
food-fads. 


Supportive Video Programme 
© Nutritional Deficiency Disorders 


4.2.2 Diseases 


Definition, types and transmission of diseases, 
define - parasite, pathogens, infection, 
infestation, vector; causes, symptoms, prevention 
and control of some common communicable 
diseases - influenza, measles, polio, hepatitis, 
tuberculosis, diphtheria, leprosy, malaria, 
filariasis and dengue; cardiovascular diseases - 
diabetes, osteoporosis, cancer, allergy, syphilis, 
gonorrhea and AIDS (awareness, symptoms and 
prevention), drug abuse. 


Supportive video Programmes 
© Mosquito- the flying menace 


© Housefly- the enemy no-1 


Module 5 Emerging areas in Biology 
Time: 10 hr Marks: 5 


Approach 


This module has been included in the Biology 
course to familiarize the learners with the 


importance of the new emerging areas of biology ` 


like Biotechnology and Immynology which have 
an impact on human lifestyles. 


4.3.1 Biotechnology 


Introduction, industrial biotechnology (alcohol, 
beverages, yoghurt, cheese, vinegar, antibiotics), 
general idea of genetic engineering, importance 
of transgenic» organisms, gene therapy, 
bioremediation, biopesticides. 

Supportive Video Programme 


@ Biotechnology and Human welfare 


4.3.2 Immunology 


Types of defense mechanisms of body, cells of 
immune system (T-cells, B-cells, macrophages), 
antigens and antibodies humoral and cell 
mediated immune response, types of immunity, 
immunization. 

Supportive Video Programme 


e Biology in Industry 


OPTIONAL MODULE I 


Tools and Techniques in Biology 
Time: 30 hr Marks : 12 


Approach 

This module is designed to enable the learners 
to familiarize themselves with the common 
laboratory techniques that may help them to 
maintain and look after a biological laboratory 
equipment and take precautions necessary to be 
observed while working in a laboratory. 


5.1 General Laboratory Equipment 


Incubator, pH meter, autoclave, colorimeter, 
water distillation unit, spectrophotometer, 
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centrifuge, weighing balance, microtome, 
sphygmomanometer (blood pressure instrument), 
kymograph, haemocytometer. 


Supportive Video Programme 


@ General Laboratory Equipments and Their 
Uses 


5.2 Common Tools and Techniques 


Microscopy - Simple, compound, electron and 
phase contrast microscopes, histochemistry, 
autoradiography, paper-chromatography, tissue 
culture, centrifugation. 

Supportive Video Programme 


e@ The Biology Laboratory 


5.3 Some Common Preservatives, Stains and 
Reagents 

Types of stains, reagents and preservatives, 

materials required, procedure involved, 

organization of typical biology laboratory. 


5.4 Culturing Organisms for Laboratory 
Work 

Preparation for culturing organisms, common 
organisms cultured in the lab - E. coli, 
Paramecium, Amoeba, Hydra, Rhizopus, 
Drosophila, Yeast, onion root tip, rearing animals 
in animal house, cage management, equipment 
required for collection of flora and fauna - 
vasculum, plant press and nets. 


Supportive Video Programme 
e Culturing Organisms for Biology Laboratory 


5.5 Some Aids in Biology 

Maintenance of botanical garden and zoological 
museum, aquarium, herbarium and greenhouse. 
Supportive Video Programme 

e The Zoological Museums 


OPTIONAL MODULE II 


Economic Biology 


Time : 30 hr Marks: 12 


Approach 


This module highlights human dependence on 
agriculture to provide cereals, pulses, fruits and 
vegetables for food, different kinds of fibres for 
textiles etc. and medicines to treat different 
diseases. The importance of forests and different 
forest products is also highlighted. Some common 
practices in raising and rearing a variety, of 
animals through animal husbandry are also 
dealt with in this module. 


6.1 Agriculture, Forestry and Medicinal 
Plants 


Role of agriculture in sustenance of human life, 
agriculture importance of cereals, pulse crops, 
vegetable crops, fruit crops, oil seed crops, 
sugarcane and fibre crops; green revolution, 
farm management, kitchen garden, forest and its 
importance and different products- paper, 
plywood, rubber, gums, resins; medicinal plant 
products [general value of Emblica officinalis 
(amla), Madhyca indica’ (mahua), Cinchona 
officinalis (Quinine), Atropa belladonna 
(Belladonna), Pinus sylvestris (pinus), Papaver 
somnifera (opium), Datura stramonium 
(dhatura), Ocirnum sanctum (tulsi), Eucalyptus 
globula (safeda), Rauwolfra_ sclpenlinci 
(sarpagandha), Azadirachta indica (neem), 
Chilophera indica, Aloevira, Phyllanthus, 
Catharanthus roseus (periwinkle or sadabahar), 
Taxus]. 


Supportive Video Programme 

@ Medicinal plants in India 

@ Silviculture 

6.2 Floriculture, Mushroom Culture and 
Hydroponics 


Floriculture, ornamental plants, herbs; shrubs, 


terrariums, designing a home garden, mushroom 
culture, hydroponics. 


Supportive Video Programme 
@ Floriculture 
® Mushroom culture 


e Hydroponics 


6.3 Animal Husbandry 


General principles of raising and caring of 
animals useful for human, proper management 
of their products like milk, butter, ghee, meat, 
hide, wool, leather, poultry farming. 


Supportive Video Programme 


e Animal Husbandry 


6.4 Fisheries and Aquaculture 


Fisheries, common edible fish found in India, 
economic importance of fish, effect of 
environmental pollution onion fish, fishing 
technology, fish migration, aquaculture. 


Supportive Video Programme 


@ Fisheries 


@ Aquaculture 


6.5 Apiculture, Lac Culture and Sericulture 


Apiculture, Indian species of honey bees, bee 
colony, commercial production of honey and 
other products from a bee hive, brief account of 
lac culture, sericulture, history and. sources of 
silk, rearing of silkworm, reeling of silk. 


Supportive Video Programme 
e@ Lac culture 
© Sericulture 


PRACTICAL WORK 


Purpose 


The purpose of teacching biology is not only to 


trees, climbers, bulbous plants, indoor plants, Cquint the learners with biological terms, facts, 
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concepts and principles but also to develop practical 
skills. Development of practical skills leads to better 
understanding through first hand experience and 
mutual reinforcement. It takes into account the 
development of psychomotor skills. Since this is an 
import aspect of development, the present biology 
course considers practical work as an integral part 
of the theory. 


The skills which’ the present’ course intends to 
develop are : 


observational skills in the form of 
identifying relevant details in given 
specimens, locating the desired parts in a 
dissection or specimen. 


(i) 


(ii) manipulative skills in the form of arranging, 


handling and reading apparatus and 
instruments. 


(iii) collecting, mounting and preserving skills. 


(iv) drawing, labelling and reporting 
experimental results thereby interpreting 
them. 


List of Practicals 
A. For Core Modules 
1. To study parts of a compound microscope. 


2. To prepare temporary stained glycerine 
mounts of 


(i) epidermal peel of onion 
(ii) 
(iii) 


cheek cells of humans 


epidermal peel of leaf to observe 
stomata 


T.S. of stem to observe xylem and 
phloem 


(iv) 

(v) striated muscles from cockroach leg. 

3. To study the various modifications in root, 
stem and leaf 


(a) Root (i) Storage (carrot/beet root/ 
radish) 
(ii) Support -Prop root, stilt 
root 
(b) Stem (i) Underground - Rhizome, 
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tuber, corm, bulb 


(ii) Aerial - Tendril, thorn, 
phylloclade, cladode 


(c) Leaf (i) Tendril 


(ii) Spine 
(iii), Phyllode 
4. To observe and study the T.S. of dicot and 
monocot root and stem from permanent 
slides. 
5. To study the microscopic structure of human 


cartilage, bone, blood, testis and ovary from 
permanent slides. 


6. To study the structure and function of 
different parts of the following flowers : 
China rose, Petunia 


7. To identify the characteristic features of the 
following animals and classify upto class 


sponge, earthworm, butterfly, snail, starfish, 
bony fish, cartileginous fish, toad, 
houselizard, pigeon and bat. 


8. Tostudy the stages of mitosis from temporary 
stained mount of onion root tips. 


9.. To study the morphological adaptations of 
(a) plants living in xeric and aquatic habitats 
e.g. cactus and water hyacinth. (b) animals 
to parasitic mode of life e.g. tapeworm. 


10. To study the (a) texture and (b) water holding 
capacity of two different types of soils. 


11. To study osmosis by potato osmometer. . 


12. To study the rate of photosynthesis in aquatic 
plants. 


13. To study the structure and germination in 
gram and bean seeds. 


14. To demonstrate respiration in germinating 
seeds. 


15. To study the action of salivary amylase on 
starch. 


B. Optimal module - Three sample projects are 


© 


(ii) 


mentioned below. A project carries 2 marks. 
You may choose one of these or devise a 
project of your choice from the optional module. 


Tools and Techniques in Biology 


Make a herbarium with 10 to 15 plants. 
Collect press and stick them on the 
herbarium sheets. Write their names and 
classification and present the herbarium at 
the time of the examination. ` 


Take water in an old bulb or jam bottle. 
Grow a small piece of money plant (Pothos) 
with one or two leaves in the bottle. Observe 
and record time taken for (i) new roots and 


(iii) 


(ii) leaves to come (iii) increase in length of 
stem. 


Culture Drosophila by collecting them from 
the fruit market on an overripe banana in 
a clean jam bottle. Identify the red eyed 
Drosophila. They would lay eggs on the 
banana. From the second day onwards 
observe and record the time taken for 
larval life, pupal life and emergence of 
adult of new generations. Record. you 
observations and present in the form of a 
project. 


SCHEME OF EVALUATION 


The learners will be evaluated through Public Examination and through continuous and comprehensive 
evaluation in the form of Tutor Marked Assignments (TMAs). 


Mode of evaluation Duration Marks Paper 

Public examination 3 brs 80 ants 
Practical 3 hrs 20 1 

TMA-I and TMA-II Self-paced 25 

TMA-III (Compulsory) Self-paced 25 


The awards/grades of TMA will be reflected in the mark sheet separately. The award will not be 
considered for inclusion in overall grading in the Public Examination. 


®© 

(ii) 
Gii) 
(iv) 
v) 
(vi) 


PRACTICAL EXAMINATION 


There will be a practical examination of 3 hours duration and maximum marks 20, apart from the theoritical 
examination. The distribution of marks is as follows 


Performing an experiment 

Submitting a project 

Identification of given samples (4 sample) 
Preparing mounts 

Maintenance of record book 

Viva-voce 

Total 


4 marks 
3 marks 
4 marks 
3 marks 
3 marks 
3 marks 
20 marks ` 
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(314) 
Assignment - I 
Wut TA - I 
(Lessons 1-12) 
(ars 18 12 am) 
Max. Marks: 25 
gA sh : 25 


All questions are compulsory. Each question carries equal marks. 

wht wedi & wa OF aftard 8) weds wet > sia HMB) 

Write your name, enrolment number, AI name and subject etc, on the top of 
the first page of the answer sheet. 

Sex g è MTT TS R FR A SI SAT A, Igra, SETA 
aoa or am, fsa one ere wal 4 RRT 


1. Answer any two of the following questions: 


Prafeftad wai À À fest ot è sax afore: 


(a) Answer the followings: 
Pra & oe AN- 


(b) 


Biology 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


Why are mitochondria called semiautonomous organelles? 

argcraifear ay mkaa aie Fat wer vir 8? 

Which organelle helps sperm enter into the egg by breaking through the 
egg membrane? 


goat recht a tear Bory amet fea arene wera À S Ñ 
Wael BY È? 

Why are some RNA molecules also termed Ribozymes? 

ge RNA syst sr gda ary aa Ra Gra è? 

How does study of fore limbs of vertabrates provide evidence for evolution? 
area mira È a È seed wy va fore P TAT Fa AMT GATT 
è? 

Cell-theory maintains "that all organisms are composed of cells and cells are 
the structural and functional unit of life". Some part is missing in this 
è statement. Mention the missing part of the above statement. 

afre Rara ar Aa è fè “MA oha or ator ARTÙ À gar È aie 
ARa War A aae Vd Paa goga FI" FI HAT P BP 
car Be TI È SR FA TÀ HM wT e gT È R Ñ aR 


Identify and name the stages inthe life cycle of a cell where the following changes 


have occured. 


AR è dias A Sa amena a gears we sad m a ATÀ 
fafaa Rada et È È- 


(i) Synthesis of DNA occurs and each chromosome carrying two chromatids. 
DNA PI HA A Yel Ud uel À at mes 4 TY EI 

(ii) Centromeres divide and the daughter chromatids are separating and moving 
towards the opposite poles. 


alae fa a xe F ua Hale MARES ater lave four Yat aI si 
OT El 
(iii) Crossing over occuring between the non sister chromatids of a homologous 
pair of chromosomes. 
arr & war vist } flora safes & dra mR stax et ver È| 
(iv) The chromosomes reach the opposite poles of the cell and organize into 
haploid daughter nuclei. 
arava aR & fade gai  aew aga we È she afia dala Sew 
$ wy À arated et ve F | afaa va eae ree ga: feared è A 
cal 
(v) Chromosomes along with their sister chromatids are being held at the equator 
with the help of spindle fibres attached to their centromeres. 
PH sol Gata wrest } ay sey ary A sad AAA ue iw dg 
al aea À St Ba ÈI 


(c) Read the folloiwng table carefully and identify a, b, c, d and e. 
Prafetad ae ot earagde RÀ six oa a,b,c, d AR ea Teni | 


Name Structure/Composition Function 
Wea / aye ord 


Phospholipid in nature 


wrens È wy Ñ 


Selectively permeable 
membrane 


aera WI A rora frr 
Growth of the plant body 


ii) Meristematic 
tissue 


ferrsataras 


Consists of uniformly 
lignified cells 

ye war ferings 
PRm ara Afia 


Supporting tissue in plants. 


thet A mA Gaal a wo Ñ 


iv) Sieve tube 
mfa af 


Helps to translocate food from 
leaves to other parts. 

aN 4 fafa a at AA è 
aa ani 4 agent Ñ agrara 
mA ÈI 


Involuntary; helps in pumping 
action of the heart 

aes, gaa eiaa, fren Ñ 
We 


v) Cardiac 
Muscles 


Be fri 
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2. Answer any two questions of the following. 


frafeftaa À a fhe at or sae df: 


(a) Name the following 

Raa & ar feta: 

G) Types of roots developed in maize. 
Fab À ot GA dell Us GT WHR 

(ii) The region of the root tip that protects the root apex. 
ae wt of de WI wt os Si a) AA aa È | 

(iii) The plant that gives out sucking roots that penetrate living host plants and 
suck the nutrients. 
ten then fired que as Mac È wt offaa ch dei. & siex weer Hea 
aise deal Gr AIT Heel S| 

(iv) The part of the plant that shows open and collateral vascular bundles. 
AA a ae am Brel ge otk wade dae dea TÀ oa SI 

(v) The layer of cells in a monocot root that gives rise to lateral roots. 


we dard asi FH ARN a ae od Pra aed aS Poa E | 


(b) Explain the following in a sentence or two. 

Prafetad sel A veo A areal A area AN | 

(i) Pericarp (ii) Sucker plant (iii) Perennation (iv) Hypogynous ovary 

(v) Monoadelphous stamen. 

(i) Serer Gi) Baa TET (ii) agate (iv) IATa SER (vi) TERE GaN 

(c) Answer the following questions: 

Prafaftad veal & sore AN- 

(i) Mention one application of imbibition in plants. 
de A a Bt va sual aga | 

(ii) What change would you observe in the leaf peel cells when they are placed 
in a highly concentrated sugar solution? 
ae xt cal A Dee eH ser aian aa war far 4 wad 
è dt amg oat am Rada ea? 

Gii) When a herbaceous stem is cut a few inches above from the base, xylem sap 
is seen oozing out from the cut end. What causes this phenomenon to occur? 
rq fet area TA Bl SHS MER À |S Fa Gor À Hier Ga è at TS 
qa SG He By RR A aer fraa 81 ae sia fa oR a etch 8? 

(iv) In which form is the water lost from the aerial parts by guttation? 

Agaa ant aad ari A oh A ale fea ws ech 8? 

(v) Howwill accumulation of K* ions within the guard cells influence the stomata? 

ses Bt vere AN È Ae K RAI eer SAA H R fe IPR TA ST? 


nitrogen fixing plants obtain nitrogen for metabolism? How is 


3. a) How do non- 1 i 
hieved by them? What is the ultimate fate ofthis ammonia 


formation of ammonia ac 
in the plants? 
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Segara RAHA We STAY & (ely THA WHR Ages WISI HY ef GAH = 


ant fea ver sitar or Prater gf tar 21 sia À cel A ga sea oT ae 
sA Blea g? 

b) Mention the role ofJeghaemoglobin and nitrogenese in biological fixers of Nitrogen? ` 
AIS È oa Rene È wo 4 cmercifaa ote aggiforrea at ya è 
ar 4 aaa | 

OR (axan) 

a) How do symplast and apoplast pathways help in uptake of minerals in plants? 
Draw a labelled diagram showing the pathways. 

Wet A Gal & ger Hes À foe wre Maca se sages yea Mera Hee 
è? ga vel or cata @ fore aaia faa aga | 

b) Fill in the blanks shown in the table 

aR à fend wy Rac wrt st oer AR- 


Name of the Function of the Deficiency symptoms 
Mineral/element mineral/element oat D PRI TÀ 
aa/aaa oa | aAa a ori OM Tel Hey 


4. a) Name the plants that show Kranz anatomy. Explain the advantages of Kranz 
anatomy to such plants. 


ee a tet a as 
areal è aea wr ah AN | 

b) ‘Explain how electrons flow from water molecules ultimately to NADP molecule 
and NADPH, is generated during light reaction (photosynthesis), What is the 
significance of this reaction in photosynthesis? 
fou var Gea È sms À seas sid: NADP sry Ñ uga one È sie versity 
aAa Gert dete) & ey NADPH, a7 Pafo rar | were: HATT 
aa 4 sa often wr gar aed 21 

OR (axal) 

(a) Write the balanced equation for glycolysis. Where in a cell does it occur? 
ga aAa or gaa weet feed | aR À we afta Hel 
Wat eral E? 

(b) What is the fate of Pyruvic acid in the absence and presence of oxygen? Explain 

' giving equations. 


rria vA saRtefe ste orgaReay À urge. sia ar aan eet è? weet 
XP aÀ | 
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5. Project Work 

Try to collect the specimen (preserved as herbarium) or the photographs of one member 

in each of the seven groups listed below: 

a) Mushroom/ bread mould. 

b) Moss/ fern 

c) Pine cones/ Thuja/ Cycas 

d) Grass/ wheat plant/ rice/ maize 

e) Neem/ tulsi/ mustard/ any pulse 

f) Any insect/ earthworm/ mollusc 

g) Fish/ frog/ bird/ bat/ any mammal. _ i 

Prepare a herbarioum/ scrap book using the photographs. Include the following details 

against each of them. 

a) Complete classification of the organism (as per your text book) 

b) List the identity features observed. 

c) Mention any one important role of the organism in nature. 

AA aa Rà a rch wal A A ate a oT Uw aA (ARa È a À 

qria) m Pene gea mA A ort AÀ- 

(a) HIH PRE 

(b) A/T 

(c) Ws M ig gra 

0) ma a Anaa wi Aena ar ther 

6) MgA nA aI a 

(f) we Ae dgn Nn 

(g) miie aR amase er } 
We RARA Gea a wears AÀ Teac À a ge dae AN | vals È 
ara frafekad crear et +f entra AR- 

(a) Gra or yet aioe (Ghat soa get A fear va è) | 

(b) qea & fay ta ay cant at ah wey) 

© pR A ia A wg a eH ye aT aes AfA | 
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Assignment - II 
youd TA - I 
(Lessons 13-24) 
(ars 13 À 24 a) 
Max. Marks: 25 
Ba AP : 25 


Note: (i) All questions are compulsory. Each question carries equal marks. 
Rao: a Ga oH ara B | wes UT È ai WA È | 
(ii) Write your name, enrolment number, AI name and subject etc. on the top of 
the first page of the answer sheet. 
GR YAH È VTA YS R HUY Hl sie SGA AM, Saas, seas 
oe or am, fara ane we erect 4 forty | 


1. Answer any two of the following questions. 


Prafetad ued AS feel at or oa ANN | 


(a) Provide the scientific term for the following statements:- 

Prafettad were ao & fey ve dente wee or part PRY: 

(i) The nutrition in which organisms secrete digestive enzymes on to dead organic 
material and absorbs the products of digestion. 
ae der wore foal ia ao ura yorga Wa Via aA È GaX Sel 
aa È afk wa Va ad va ora è a) BO aragifta ae aa BI 

(ii) The final conversion of the absorbed nutrients into the living substance. 
aada arse caret or sifa wo 8 NA aA À aaa ora! 

(iii) Production of carbon dioxide and energy in a complex process occuring in 
the cytoplasm and mitochondria. 
ARa ca atk mAg A wor eM are uf>ar fret oda 
sgg ak Gat gerd ect È 

(iv) Volume of air that can be taken in by forced inspiration over and above the 
normal inspiration. 


ay oI ae sae RA BAI sawed È are A aage wie È We 
epg & wax fear ot waat È| 

(v) Fussion of morphologically identical gametes to form a zygote. 
WRS wy 8 Wa geet è RER We ERI QA Sr VAT | 


(b) Give one point of difference between the following pair of terms: 
Prafetad wel è ol è dre va sax sarge: 
(i) Autotrophic and hetrotrophic nutrition. 
waar atte AA dro 


E an 


(ii) Intracellular and extracellular digestion. 
area A PRAE aA | 
(iii) Ureotelic and Uricotelic animals. 
afar ste Rari aft 
(iv) Organs for static balance and dynamic balance. 
Wits ger ak aft PA waa ages È fery oi 
(v) Auxin and Gibberalin 
ARa aie forafert 
(c) State the significance/function of the following: 
frafakad & aecd/ard gas: 
(i) Genetic engineering 
agis aaia 
(ii) Amniocentosis 
yfr 
(iii) Artificial insemination 
ara mater 
(iv) Acrosome 
tara 
(v) Pollination 
ORT ; 
2. Answer any two of the following questions. 
Prafertad wedi A A frst at è oar AA 
(a) What do you understand by "sigmoid curve" of growth? With the help of a suitable 
diagram, briefly explain the three phases of growth. 
gfe è Rr aH” À an cred 8? ve saga ore A wera À gfe a. 
ara oravensil at orem AR | 


(b) With the help of a diagram, describe the structure of human sperm. Show the 
‘course of sperms from their production in the testis to reach the urethra in penis. 


Ra HA wera À, AAG Bory a eet or ahs afore | geet À yrs È 
ares À oer are gy fer À aaah de sas A or art RÀ | 

(c) With the help of a series of diagrams explain how a nerve impulse travels along a 
nerve fibre/neuron? 


amai A wera À acey fe dara fa IPR RRA È gP 
BR À GW BR IH WUT &? 


3. State Mendel's law of independent assortment. A cross between tall pea plant with red 
flowers was made with a drawf pea plant with white flowers. With the help ofa diagram 


show the genotype and phenotype produced in F, progeny. 
usa } wads aaaea or Fran RN È? Hex È cid othe ara ga TTA He aI we 


ga ara AA thet 3 wren depen far Ta TH ska SY Tera À F, eft À HE 
a aa sherd afk Peg oI ag | 
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OR (axat) 


What do you understand by "agglutination of blood"? A person met with an accident 
and needs blood transfussion. What precautions the doctor should take while transfusing 
blood to the patient. 

SAR waar À ag a was 8? VE Alea a qdet 4 de a7 7g sik GA wert 
a ea ee ee eS eet eT eT 
qaa (gd sora) wer RÀ | i 


What do you understand by DNA replicaiton? Briefly describe the process of New 
DNA strand. 
DNA Agaa A a RT GAs 8? DNA È Ay aaa H A a werd 4 


aofa PN | 
OR (aaran) 
(i) Differentiate between leukemia and leukopenia. 
wena sie aAa À sia gagy? 
(ii) What is an ecosystem? With the help of flow chart show different trophic levels in 
an ecosystem. 


Raa À ay sar wast È? vH vars are at eran À feet aRda & fafa 
as ER a eats | 


Project work 

In the project you shall study the water releasing capacity of different types of soil. 
e Take three types of soil: clayey, sandy and loamy in equal amount. 

e Dry them and keep in separate funnels lined with wet filter papers. 

ə Place these funnels on measuring cylinders. Mark three cylinders A, B and C. 
e Pour 100 ml. of water in each funnel. 

e After about an hour, read the level of water in the three cylinders. 


e Record your observation in a table as given below: 


Observations: 


Measuring Measuring Measuring 
Cylinder A Cylinder B Cylinder C 
(with clay) (with sand) (with loam) 


Volume of 
water (filtered 
out) 


Rialacyv 


Conclusion 


1. Cylinder A has received .............. ml water (fill in the blanks) by actual reading and 
calculations), and retained ............... ml water. The amount of water retained is 
more than that has passed. Thus, we can say that clay has more water retaining 
capacity (Keina X 

2. Cylinder B has passed ............ ml of water as a faster rate due to the large size of 
particles and bigger air spaces in between. Thus, the sandy soil has very little water 
retaining capacity (.....0....0+ ml) 


3. Cylinder C has passed more water than in A and less than in B due to mixture of 
sand and clay. It also contains humus which retains a moderate quality of water 


Water retaining capacity of clayey, sandy and loamy soil 
arabe Grd 
ae RAST À ara AAMT sae BY eT A ret RT wr STAT BA | 
aa ware A yar AR- aA, age oie GACT 
qar ah ent Sry oe freex fee oF ge a wat A ee ster ster Ta ARN | 
aa ail ar ds ares Rikie oe ee Sere | gt Riis wR A, B, C fra AR | 
gare aa Ñ 100-100 fo ort SAN | 
amm 182 è ae, at Rife A ort or eR ARR | 
aa Dero ar Area A 1g reo À fore AR | 


PATS A Ñ vessnmtecnsstnn ml UM) sam grat (ene usa six Raai è 
are Reet Rea DY eh AR), SA TAS IT A aison 315 (aan) 
WI VS FA BY UP A) AT Wa SK Say Ue HT orden ale Èl sia: eH HE 
wed & fo Bete SB VOTRE TACT (neces ml) afte eet | 
RAFTS BÄ AA SR MA css ml UM Ba sa, waif seas Far 
À as—ay am NA È she ay aaa A R- Ba | aa: TEE Far AT Wa 
RA TAA FEA A (..........ml) Stet ÈI 

. feiss CHAS ate oor BY oA UM Sa aM, Rife gae yar gE 
aie after or far ett 81 set eqae a eter 8 ot ot a sea arr Ñ 
TROT FT CAAT ÈI (coe ml) 
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Assignment - IIT 
Feast wa - IMI 
(Lessons 25-30) 
(a 25 À 30 aH) 
Optional Modules 1 and 2 
Max. Marks: 25 
ga sip : 25 
Note: (i) All questions are compulsory. Each question carries equal marks. 
Ra: aÀ è smn A aRar S| wel A sim Wa È | 
(ii) Write your name, enrolment number, AI name and subject etc. on the top of 
the first page of the answer sheet. 
TAR GRIST È FIA FS R SR A SAR STAT A, APAD, sear DK 
ar am, fsa onfe ere eet À AR I 
(iii)Answer questions 1, 2 and 3 from core modules and question 4 from Optional 
moduel. Each questions carry equal marks. 
US ARR 1,200 3 afar gga À È cen wed 4 doled Areqa GB) 
ÀS Wel È sim TA | 
1. (a) State the technical terms whose definitions are given below. 
frafekad Rmn & fry aAA ra Ra | 
(i) Any natural or artificial substance, energy or organism which is used by 
humans for their welfare. 


wets sera pha veri, aot sera ofa fers Ha om fea 4 var 
PÀ ŽI 

-(ii) The wide variety of microbes, plants and animals found on earth. 
geal n Oy mA arel AANA aR È ge, thei sty A a ma 
Afe | 

(iii) The diseases that spread from a person to another through food or water or 
any other substance contaminated with pathogens. 
daa AoA AW Gea sera sy TGs aR ve alot A quar aed F 
waka AA ae MTI 

(iv) The process by which carbohydrates such as sugar are converted into alcohol. 


ae vibra fread ger wa UR rafes aaa À Rafa a oe BI 
(v) Genetically engineered organisms containing foreign genes. 
rea Ga cs a ai 
(b) Define the following terms: 
Prafaftaa reat at ofurer en- 
(i) Biomagnification 
a ora 
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(a) 


(b) 


(ii) Endangered species 
peaa a wA 
(iii) Ozone hole 
Aa fa 
(iv) Antigen 
yA 
(v) Antibiotic 
; ; 
(i) Give the meaning of the term 'biodegradable' and give two examples of 


biodegradable waste substances. 
Ste aeia wre pr sel fersax a} 0S aR or sarertr ARN 


fora ofte frie war È | 


(ii) What is the common term used for classifying energy sources such as the 
sun, wind, biomass? Give the technical term which expresses that fossil fuels 
are different from them. 
ad, waa a vals GA Gol È uel a ve we aia oe & fey 
SMM WARY ee WA Ge È? Sad cola eee gÀ fos gral 
wrasse Sa 8 sic ped 8? 

(iii) State the difference between the terms transgene and transgenic. 

URS at UNG seal À an wa PN | 

(iv) What is the term given to the process which affects soil when deforestation 
or overgrazing by cattle takes place? 

SATO cer afte, È PRI Far È TE Vt VF A visar ol a Hed E? 

(v) A marble statue erected in a garden got damaged by rain. What kind of rain 
was that? 
fot sera À oft eg ve aay ar ofa aat è oreo ve a ag) Oe 
ast è fey ala a we nge ela 8? 

(vi) What is biofuel? 
vida Sea (adea) fet ed 8? 

State one point of difference between the following terms. 

Ama gril À voc IA ITY | 

(i) Antigen and antibody 


Joa a YAA 

(ii) Epidemic and pandemic diseases 
Fern a fra AT 

(iii) In-situ and Ex-situ conservation 
Porere a urea dart 


Why is it recommended that: 

ver eat Yara ore È fe 

(i) The plant Jatropha curcus may be planted on waste-lands. 
aor aA We Were paoa de amy A | 
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Gi) CNG and unleaded petrol be used in public transport vehicles. 
adas è mara È meN À Moyoni aera Mra—afeia Ueto HT 
yA frat g | 


Gii) Use of chlorofluorocarbons (CFCs) be regulated. 
ada ada KA ge Mh) e A or Pras fear oy) 
(c) Answer the following questions. 
Prafaftad yet & GaN ANI 


(i) Why is a dinner plate containing chapatis made of wheat, dal, paneer and 
vegetable curry, and salad in right proportion considered a ‘balanced diet’? 


aa aa @ Rr AS ore H VA), are, Hie as O cen Herre 
sage ara À enter ef gf aE (Alea) À ser aT È? 


(ii) Why is the bacterium Agrobacterium tumefaciens called a natural ‘genetic 


engineer’? 
capita sary, wr wragiers angie aaia Ri 
wel Va è? 


(iii) Which diseases do the following injections prevent? 
(a) MMR (b) BCG (c) DPT 
aa fared Gat arer Raet A fafaa ae aH ae et aA è? 
(a) MMR (b) BCG (c) DPT . 
3. Fill in the eight blanks (p to w) in the following grid and then answer the questions 
given below: 


a ad ge Bre À (a à a) ara AY MG ara Fat eA A qfi ae A Ree He 
ò vax afar: 


Disease 
Meer i 


1. Polio 


feral 


2. (q) Virus 
(8) . | oR 


3. Tuberculosis 


Causative source or Pathogen 


Wr Ba 


Causes infantile paralysis 


qe À aa À Ue È I 


Spread through bite of the 
mosquito Aedes egypti 
vata goikers aN era È| 


aa. 
4. (t) Caused by HIV 
€) HIV afd 8 
5. Cancer 


ÈR 
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(1) Which of the above diseases can be prevented through mosquito control? 
SND Vii À feos Vr St Aa + fey sea or ar Ged Vet GT WPT È | 
(ii) Which one of the above is a bacterial disease? 
saa A pa- M ARa M 8? 
(iii) Which of the above diseases is associated with malignant tumour? 
oR Wit À A fya Wr a ae ‘Gear aga’ WG 2? 
OR (aua) 
Global warming, biodiversity conservation and pollution are serious environmental 
issues. Answer the following questions with regard to these issues. 
Wiscia GAT, AAP fA der cen wea, vaa ward waite fava È | 
sel fasal 8 as ay Prafettad weal & wax aftr: 
(i) Name the gas responsible for warming of the climate? Why is it called a greenhouse 
gas? 
wisely wom È fry alae tha saxerht è? ga ve a Ra ae te wit 
Pel UIT È? 
(ii) What is eutrophication and how is it related to water pollution? 
Ba A È? Tega À see a aay È? 
(iii) Why should biodiversity be conserved? State two reasons, 
ora fatten avert È aed È ct SR IN | 


Optional Module-I 
Tools & Techniques in Biology 


(a) Observe the pictures given below and then answer the given questions: 


PaRa feral ar tert afore otk fey my weal è sax AN: 


(B) 
(®) 


(i) Which of the above helps to enlarge a specimen so that its micro structure 
can be studied. 


SR RY gy oat 4 fous arr ag wr analy aed sett YEN Hee 
P GA GY aad E? 
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| (ii) Name both the instruments and state any one difference between them. 
AQ aati & ama ARa cen eit A ag A ue an ere ANN | 

| (iii) Name the instrument which helps to reveal the ultrastructure of cell ` 
components like mitochondria and golgi. 
wa ws or am fear fired mAg, aie sree afe ot 
aR ean a Aaa waa È| 


(b) Name the method by which 
(i) components of the cell can be separated from each other. 
aR 4 8 wirnirent er yer aed at fate 
(ii) individual chemical may be separated from a mixture of chemicals. 
maA srr À ware cal wt sient wer ay fare | 


(c) Which instrument will you use to: 
fea oat & yar À- 
(i) incubate eggs 
R gaya fey we & | 
(ii) record the contraction of heart 
Beer e wre ged wT gaa Rats AÀ wom oI 
(iii) measure the blood pressure. 
aT AT AMT VT MHA È | 
OR 
Optional Moduel-II 
Economic Biology 
i. (a) A boys saws a brownish stick being used by his father for sealing envelopes 
containig important documents. Mention the name of this material, the insect which 
secretes it and what makes this sealing material? i 
wo qa aÀ i A GE meag RA è ferond P Peg 1 H ws 
A a wed By dar 81 ge Tere OTT sega, AE À a Ta aT WT 
ara è otk ae een sere fee—A wae 8? 


(b) Explain in brief the following 
Prafettad ar dea 4 forty 
(i) | Hydroponics 
reef 
(ii) Retting 
WTA 
(iii) Forestry 
a 
(c) Answer the following: 
Prafatad weal è TAR È: 
(i) | Which fishing gears are used for catching fish in (a) running water and (b) at 


ide? 
Ge) aun oA ae (@) PI Sa È TA AOA Og & fe aa a 
mA ar art eet 21 
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(il) Which drugs are yielded by (a) Neem and (b) Cinchona 
am cen Raa à PaA AA ara ect È 
Project work 


Procure two branches of money plant and grow them separately for seven days in two 
separate jars containing water. 


To one jar, add a pinch of salt and a piece of coal and a piece of chalk. Ideally, however, 
prepare the nutrient solution given in your book, which is also given here:- 


Culture Solution 

There are different kinds of nutrient solution 

A basic solution might contain: 

34kg - Potassium nitrate 

0.65kg - Ammonium Sulphate 

2.65kg - Magnesium Sulphate 

‘1.05 kg - Monocalcium Phosphate Mixed together in 5000 litres of water, 
3.0kg - Calcium Sulphate 


Once the solution is in the jar, 5 litres of water containing 37 grams of manganous. 
sulphate and 4 to 6 drops of concentrated sulphuric acid should be added to each 5000 
litres of solution once 1 month. In addition, 150 grams of ferrous sulphate in 5 litres of 
water should be added once a week. 


Observe the growth of the two branches everday. Record separately for both the branches, 
e Time taken for roots to come out 
e Time taken for new leaves to come out 


© Increase in length which may be measured by using a thread and a scale. 
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miai A A ered AR ote oar A R A ol À aes wae aa À À 
WH WAH, ye Yeoh TP, YE PSI Had Ba YE P Bl SHS À afe 
IMN A aS a aÀ gas À Ra gon dah eta ware AR wer ye wra 
Sm | Waly ate è saya Ay fev g È: 

wats ra 

rer ate Pet wer è ed a ata À fafaa area ore wa | 
3.4kg - qR aige 

0.65kg - ora wee 

2.65kg - Paha we] 

105kg - Arita web 

3.0kg - afer we 
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FA Wael 5000 hex viet À forex ale sara GT È | 


UH aR wa Ba at Wal À Se Ra we È Ga 5 chee Ur À 37 OF Ae aee 
ax my 448 6 de Gig Beats ara a HI Wels Fel 5000 chex Bla 4 en 
fear wrt mfè | gad aar 5 Sex Wat À 150 WIA GRE ete UH UTE Ñ VHP 
a fA ear afer | 


| 
| 
| pfafea erat ma A afer a Rah or aaa mè A PA Rare PÈ A- 
e wel & Fae cH p aaa 
| o ag afta & STÀ ar waa 
| eo me A orang À ae 
mÀ den Beebe H Tera À À ay cil 


4 
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Appendix-D 


Complete and Post the feedback form today 


poo bee eee en noone neta saene ses a aea inal fold and Seal -----~-==--~~-----==annwan--=nann=--=- 


paneer ee oors Fold --0- oy 
| Feed back on Lessons 1-17 | ' 

Were the What you have learnt is 
Illustrations 


Lesson Lesson Name Was the content - | Was the language 
4 Not helpful 
i 


Easy | Difficult | Interesting Confusing ` Simple | Complex 
| a3 


ca Not useful Very l Somewhat 


helpful helpful 


T 
Stat 


lalo jun | Joos fra] — 


= 
+ 


fom a fro 


i 


5| 
ae 


ae 


Id:--- 


- Third foi 


Dear learners, 
You must have enjoved going through your course books. It 
was our endeavor to make the study material relevant, 
interactive and interesting. Production of course books is a 
two way process. Your feedback would help us improve the 
study material. Do take a few minutes of your time and fill- 
up the feedback form so that an interesting and useful study 
material can be made. 


Thank you 
Course Designer and Developer 
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Jid you consult any other book to study Biology? Yes/No i 


I 
If Yes, give reason for consulting it 
[ee prs tanith ee ee Pe ane ea rE | 
' Name : k W SUDIECH D LENI ' 
' Ebrolmentivor au) } LE e BookiNo: |.) f PEE an 
Aare he eS ae lea 1 i 
; CaN) VAION ‘z905 ! 
' vary jeuonnyysu] ‘g-y ' 
' Surpooyss uade jo aynyysuy feuoneny ' 
' ABoporg ! 
i ‘1036Utp40-0.) ISIN0 y 
; dureig ; 
i asrisog i i 
L No Enclosures allowed 
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FUNDAMENTAL DUTIES 
Part IVA (Article 51 A) 


~~ It shall be the duty of every citizen of India- 


to abide by the Constitution and respect its ideals and institutions, the National Flag the 
National Anthem; 


to cherish and follow the noble ideals which inspired our national struggle for freedom; 
to uphold and protect the sovereignty, unity and integrity of India; 
to defend the country and render national service when called upon to do so; 


to promote harmony and the spirit of common brotherhood amongst all the people of 
India transcending religious, linguistic and regional or sectional diversities; to renounce 
practices derogatory to the dignity of women; 


to value and preserve the rich heritage of our composite culture; 


to protect and improve the natural environment including forest, lake, rivers and wild life, 
and to have compassion for living creatures; 


to develop the scientific temper, humanism and the spirit of inquiry and reform; 
to safeguard public property and to abjure violence; 


to strive towards excellence in all spheres of individual and collective activity so that 
nation constantly rises to higher levels of endeavour and achievement. 


A brief Guide to NIOS web site 


The success of open learning and distance education very much depends upon the harnessing 
of the new and latest technology. The emerging Internet and Web technology help in effective 
dissemination of knowledge breaking all geographical boundaries. The web-site is a dynamic 
source of latest information and is also electronic information guide. The contents in the NIOS 
web site are open to all. 


The learners can have an access to NIOS web-site at the following address: 


http:/www.nos.org & nios.ac.in 


Clicking the site address will bring the user to NIOS home page that will further guide them to 
visit different information pages of NIOS. NIOS is also developing a school network through 
Internet known as Indian Open Schooling Network (IOSN). The network will provide a 
common communication platform for learners and educators. NIOS is offering Certificate in 
Computer Applications (CCA) through selected AVI. This course is also offered through 
Internet on NIOS Web-Site. 


NOT FOR SALE 


